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ABSTRACT
The Agricultural Development Bank (ADB) is an important 
financial organisation and is the main source of credit for agricultural 
projects in Ghana. The purpose of this study is to examine the pro­
cedures and method of analysis in project planning and management 
adopted by the ADB with the main object of identifying some of the 
neglected issues and to suggest some methods for improvement.
Agricultural project planning and management by the ADB 
have been found to be plagued by a number of problems and inefficiencies 
in the areas of identification and selection, formulation, approval, 
implementation, supervision, monitoring and control. These areas are 
systematically examined and the main problems and bottlenecks are 
identified.
An examination of the current state of project appraisal 
methodology is undertaken. The main project appraisal procedures 
are also reviewed, bringing out the difficulties of economic cost- 
benefit analysis and offering a critique of the appraisal procedures.
Suggestions for improving project identification and 
selection, formulation, implementation and supervision in the ADB are 
made based on the writer's insights into and experiences of the various 
problems identified with the production process. Cues are also taken 
from recommendations made for developing countries by such organisa­
tions as the FAO, IBRD and USAID.
VThe major contribution of the study is the use of 
probability appraisal to analyse risk in a maize and pineapple pro­
ject financed by the ADB. The Monte Carlo Simulation technique is 
adapted for use in this analysis. Results from this technique are 
compared with original results of the same projects obtained by the 
use of conventional cost-benefit analysis where single value estima­
tions of costs and prices are made.
Results from the probability analysis indicate that the 
methodology enables us to provide management with more appropriate 
information for making the right decisions by recognising the varia­
bility of outcomes of projects in the face of risk and uncertainty. 
Mean values of three indicators of worthiness obtained under this 
technique arc also thought to be more reliable and acceptable, 
especially since we do not have to fear any large variations around 
these values.
Limitations of the analysis and directions for future
research are indicated.
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1CHAPTER 1 
INTRODUCTION
This study attempts to examine the economic analysis ol 
agricultural project management in Ghana, with the particular objective 
of identifying some of the neglected issues, and to suggest some 
methods for improvement. In view of the fact that the bulk of the 
small scale agricultural projects (about 90 per cent) are financed 
by the Agricultural Development Bank (ADB) of Ghana, which is 
entirely public-owned and fully devoted to agricultural development 
and modernisation, this study will largely be related to its mode of 
operations with occasional reference to other allied institutions, 
both financial and technical, which are committed to agricultural 
development. This chapter is intended to provide some background 
material for the study.
1.1 Ghana - Physical Features
The Republic of Ghana lies in a central position in West 
Africa, between latitudes 4°45' North and 11°11' North. It extends 
in width from longitude 1°12' East to 3°15' West and shares common 
boundaries with the Republic of the Ivory Coast in the west, Upper 
Volta in the north, Togo in the east and is boarded on the south by 
the Gulf of Guinea.
1.1.1 Land Area
The total area of the country is 92,100 square miles.
Of this area, a third is covered by the two lakes of the country -
2the Volta Lake and Lake Bosumtwi. Excluding areas covered by the 
lakes, lagoons, rivers, mountains, villages, towns and cities, the 
estimated total land area available for arable cultivation is given 
as 75,000 square miles. The current estimate is that less than 30 
per cent of the cultivable area is actively cultivated. The country 
is divided administratively into the Greater Accra, Ashanti, Volta, 
Eastern, Central, Western, Brong Ahafo, Northern and Upper Regions.
1.1.2 Population
Ghana has a population of B.6 million based on the 1970 
population census (a little over 9 million currently) of which 2.R 
million or 31 per cent live in urban areas. The economically active 
population in the country is 3.5 million. Of this number, about GO 
per cent are engaged in agriculture. Population density per square 
mile is 98. The annual population growth rate is estimated at 
3.2 per cent whereas life expectancy at birth is 46 years.
1.1.3 Natural Resources and Ecological Zones
Ghana is endowed with rich natural resources of which 
gold, diamonds, manganese, bauxite and timber are predominant. The 
country is ecologically divided into a number of vegetation zones. 
The type of vegetation is influenced mainly by the climatic factors 
of temperature, rainfall, humidity, winds, length of photoperiod, 
insolation and cloudiness and lightning. Other influences are those 
of physiographic, edaphic, biotic and historic factors. The princi­
pal vegetation zones of Ghana with approximate areas are as follows:
3H igh  o r  c l o s e d  f o r e s t - 3 1 ,7 6 0  s q . m i l e s
S av an n a  w o o d lan d - 5 7 ,8 5 0 II
C o a s t a l  t h i c k e t - 8 05 II
C o a s t a l  g r a s s l a n d - 935 II
S t r a n d  and l a g o o n  m a rg in - 493 II
A p a r t  f ro m  t h e  s t r a n d  and  l a g o o n  v e g e t a t i o n  z o n e ,  w h ic h  i s  w e l l  d e f i n e d ,  
t h e  b o u n d a r i e s  o f  t h e  o t h e r  z o n e s  a r e  n o t  a b r u p t ;  t h e y  m erge  i n t o  e a c h  
o t h e r  and  o u t l i e r s  o f  o n e  v e g e t a t i o n  t y p e  may be fo u n d  w i t h i n  a n o t h e r  
zo n e  ow ing  t o  l o c a l  c l i m a t i c ,  s o i l  o r  t o p o g r a p h i c  c o n d i t i o n s .
From a n  a g r i c u l t u r a l  p o i n t  o f  v i e w ,  c r o p  a n d  l i v e s t o c k  
a c t i v i t i e s  i n  t h e  m a in  e c o l o g i c a l  z o n e s  a r e  d e t e r m i n e d ,  t o  a l a r g e  
e x t e n t ,  b y  t h e  t y p e s  o f  v e g e t a t i o n  fo u n d  i n  t h e  z o n e s .  The v e g e t a t i o n  
f o r m a t i o n s  t h u s  p e r m i t  t h e  c l a s s i f i c a t i o n  o f  f i v e  l a n d  u s e  z o n e s :  
compound f a r m in g  z o n e ;  i n t e r i o r  s a v a n n a ;  f o r e s t ;  d e r i v e d  s a v a n n a ;  
c o a s t a l  t h i c k e t  an d  s a v a n n a .  E ach  zo n e  h a s  a  d i s t i n c t i v e  p a t t e r n  o f  
a g r i c u l t u r a l  s e t t l e m e n t  and  f a r m in g  w h ic h  c h a r a c t e r i s e s  i t s  s u b s i s ­
t e n c e  economy and  d i s t i n g u i s h e s  i t  f rom  o t h e r  z o n e s .  Map 1 .1  i n d i ­
c a t e s  G h a n a 's  l a n d  u s e  z o n e s .
1 . 1 . 4  The Economy
The d o m in a n t  f e a t u r e  o f  G h a n a ' s  econom y i s  i t s  l a r g e  
a g r i c u l t u r a l  s e c t o r .  T h i s  i s  e v i d e n c e d  b y  t h e  e x t e n t  o f  l a n d  
r e s o u r c e s  u t i l i s e d  i n  p r o d u c t i o n ,  t h e  h i g h  p r o p o r t i o n  o f  l a b o u r  
e n g a g e d  i n  f a r m i n g ,  an d  t h e  c o n t r i b u t i o n  w h ic h  t h e  a g r i c u l t u r a l  
i n d u s t r y  m ak es  t o  t h e  g r o s s  n a t i o n a l  p r o d u c t  and v a l u e  a d d e d ,  
e s p e c i a l l y  fo o d  s u p p l y  an d  e x p o r t s .  A c o n s i d e r a b l e  p a r t  o f  t h e  
l a n d  r e s o u r c e s  o f  t h e  c o u n t r y  i s  o c c u p i e d  b y  a g r i c u l t u r e .  The
4MAP 1.1
SIMPLIFIED LAND USE MAP OF GHANA, 1959, SHOWING LAND USE ZONES
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Source: Wills, 1962.
5MAP 1.1 - KEY
1. Compound farming area.
Interior Savanna Zone
1.&3. Compound farming mixed with land rotation as in 3.
2. Grazed grassland with rare land rotation cultivation.
3. Land rotation with grazed tree savanna regrowth fallow.
4. Less intensive land rotation with sparsely grazed tree
savanna rogrowlh fal low and scattered patches of 5.
5. Little-cultivated ungrazed tree savanna, including forest
reserves.
6. Land rotation with cocoa in forest outliers mixed with loss
intensive land rotation in more extensive patches of 
savanna.
7. Less intensive land rotation with tree savanna regrowth and
some small cultivated forest outliers.
8. Little-cultivated, ungrazed tree savanna mixed with
occasional patches Qf incompletely developed closed forest 
or secondary forest.
9. Intensive land rotation with negligible forest remaining:
area of most commercialised food cropping.
10. Land rotation with a small percentage of forest remaining:
area of most extensive established cocoa, including
areas of newest cocoa planting, especially in the north-west.
11. Less intensive land rotation with much forest remaining.
12. Little-farmed closed forest, including forest reserves: area
(outside the reserves) of most active timber exploitation. 
(Owing to limitations of scale, 11 and 12 have been mapped 
together over much of the zone.
Derived Savanna Zone
Forest Zone
Coastal Thicket and Savanna Zone
13. Coastal thicket
14. Grass savanna
15. Tree savanna
16. Savanna-thicket transition
17. lagoons and marshes
6Ministry of Agriculture has estimated that about 56 million acres 
are available for agriculture.
Gross output from the agricultural sector (comprising 
cocoa, crops other than cocoa, livestock, forestry and fishery) in 
real terms constituted a share of 33.4 per cent, 31.9 per cent, and 
31.6 per cent of total gross output of the economy in 1972, 1973 and 
1974, respectively. Real gross domestic product originating from 
this sector (Appendix A.4(a)) formed 45.2 per cent in 1972, 43.1 
per cent in 1973 and 43.3 per cent in 1974 (Table 1.1 shows gross 
output and GDP from Agriculture and Forestry & Fishing).
Other estimates provided by the economic survey 1972-74 
indicated that between 1969 and 1974 an annual average of some 
01,024 million^ was spent on local food, out of an average total 
private consumption expenditure of £1797.7 million or 57 per cent 
over the six year period. On the other hand, total private con­
sumption expenditure amounted to about 75 per cent of the expenditure 
on gross national product within the same period. Private expendi­
ture on local food was thus about 42 per cent of the expenditure on 
gross national product. Table 1.2 shows the percentage distribution 
of expenditure on GDP.
Ghana's main exports are cocoa, timber, gold, diamonds 
and bauxite. Exports of agricultural products (including forest 
products) account for about 70 per cent of total domestic exports.
For the fiscal year 1974, cocoa alone accounted for 0513 million or
1 The exchange rate assumed for this study is 01.15 = $US1.00.
7TAllLF I . I
gross output a n i > gross i w i m k g t i o  11«»1 >u<
I'ROM Al ;i< 1 t l l . T U K F ,  l- 'OHI::, TKY AND  P I S H I N G  
(;i ) (.11 I 968 I it i < I :s)
1969 1970 1971 197 2 1973 1974
1. Gross: O u tp u t :  (2 m i l l i o n )
1 .1 Coooa ( P r o d u c t io n  and M arket ing ) 210 22(1 232 244 214 210
1 .2 Crops  o t h e r  than  Cocoa 4 39 4M2 506 520 565 624
1 . 1 1, 1 ycsi  ock 4<. * 44 55 55 62 6/
1 .4 F o r e s t : y 7 0 70 7 2 7 2 ft! 75
1.5 F i s h e r y 4‘t 47 51 51 44 50
1 . 1. T..1 .t 1 M 1 4 M/I Oil, Mil. Ml.C. 1 , O.M.
2. G ross  Domestic  Product ((7 m i l l i o n )
2.1 Cocoa ( P ro d u c t io n  and M arket ing ) 195 212 216 216 199 1B7
2.2 Crops  o t h e r  th a n  Cocoa 424 466 490 490 546 603
2.3 L i v e s to c k 35 33 41 41 47 50
2.4 F o r e s t r y 67 67 69 69 7(3 72
2 .5 F i s h e r y 3(3 39 43 54 31 38
.’ . <i Tot a 1 /.’0 Ml / (359 119 5 001 950
3. Index Number o f  P r o d u c t i o n  (19f>8 = 100)
3.1 Cocoa ( P r o d u c t io n  ami M ark e t in g ) 106. 1 115.2 1 1 / .  2 12 1.2 1 Oil. 2 1 06. 1
3 .2 C rops  o t h e r  th a n  Cocoa 103. ft 113 .9 1 19 .6 122.9 13 3 .6 147 .5
3; 3 Li ve s t  ock 1 0 0 . 0 9 5 . 7 1 1 9. 6 115.2 1 14.2 145. 2
3 . 4 F o r e s t r y 106. 1 1 Ol,. | 109. 1 11 t . 6 17,’. / 111.7
3 .5 F i s h e r y lftft. 5 i  » to . n 1 96. 2 246. 2 169. 2 192 .6
3. f> O vorn11 1 07 .2 1 14.lt 1 20.7 1 26. (1 127.3 1 35. 2
4. Index Number o f  G ro ss  Domest ic  P ro d u c t  (190ft ~ 100)
4 .1 Cocoa ( P r o d u c t io n  and M arket ing) 1 ()(,. 0 115.2 117.4 1 22.11 10(3. 2 101 .6
4 .2 C rops  o t h e r  th a n  Cocoa 1 03 .7 113.9 119. (3 123.0 13 3 .5 147.4
4. 3 L i v e s to c k 1 00. 0 94 .3 117.) 114.3 134.3 14 2 .9
4 .4 F o r e s t r y 1 06 .3 106. 3 1 09. 5 114.3 123.lt 114.3
4 .5 F i s h e r y 211.1 216.7 23R.9 300.0 172.2 211.1
4 .6 O v e r a l 1 1 07.1 115.2 121.2 1 26. 2 127.1 1 34 .0
—
(i>) ( a t c u r r e n t  m a r k e t  pr . ic es )
1969 1970 1971 1972 197 3 1974
1 . G r o s s i O u t p u t :  ((Z m i l l i o n )
1 .1 C o co a  ( P r o d u c t i o n  and M a r k e t i n g ) 264 332 264 335 375 537
1 . 2 C r o p s  o t h e r  t h a n  Cocoa 544 616 729 844 1 , 1 2 9 1 , 5 9 6
1 . 3 L i v e s t o c k 54 55 65 76 111 127
1 .4 F o r e s t r y 7 3 77 74 90 1 36 175
1 . 5 F i  s h e r y 39 3 6 36 53 (.(I 75
1 . 6 T o t a l 974 1 , 1 1 6 1 ,1 6 8 1 , 3 9 8 1 , 8 1 9 2 , 5 1 0
2. G r o s s  D o m e s t i c  P r o d u c t  ( /  m i l l i o n )
2. 1 C o co a  ( P r o d u c t i o n  a n d . M a r k e t i n q ) 249 117 245 104 14 t 50 3
2 , 2 C r o p s  o t h e r  t h a n  Cocoa 529 600 71 l R24 1 , 100 1 , 5 5 0
2 . 3 L i v e s t o c k 43 43 53 63 95 107
2 . 4 F o r e s t r y 70 74 71 8 6 1 2(1 1 64
2 . 5 F i s h e r y 28 25 26 37 48 52
2 . 6 T o t a l 919 1 , 0 5 9 1 , 1 0 6 1 ,3 1 4 1 , 7 1 4 2 ,3 8 2
3. I n d e x  Number o f  P r o d u c t i o n  (1968  -• 100)
3 . 1 C o co a  ( P r o d u c t i o n  and M a r k e t i n g ) 1 3 3 . 3 1 6 7 . 7 1 13.3 1 69 .  2 18 9 .  4 2 7 1 . 2
3 . 2 C r o p s  o t h e r  t h a n  Cocoa 3 2 8 . 6 1 4 5 . 6 1 / 2. 1 1 9 9 . 5 2 6 6 . 9 3 7 7 .3
3 .3 L i v e s t o c k 1 7 7 . 4 1 1 9 . 6 1 4 1 . 3 1 G 5 .2 2 4 1 . 3 276 .  1
3 .4 F o r e s t r y 1 1 0 . 6 1 1 6 .7 112.1 1 16 .4 20 6 .  1 2 6 5 . 2
3 . 5 F i s h e r y 1 5 0 . 0 1 III. 5 1 ) 8 . 5 203.(1 ■ 2 6 1 . 5 280 .  5
3 . 0 O v e r a l l 1 2 8 . 3 1 4 7 . 0 1 5 3 . 9 1 8 4 .2 239 .  7 330 .  7
4 . I n d e x  Number o f  G r o s s  D o m e s t i c  P r o d u c t  (1968 = 100)
4 .1 C ocoa  ( P r o d u c t i o n  and M a r k e t i n g ) 1 3 5 .3 172. 3 13 1.2 1 6 5 .2 1 0 6 . 4 27 1.4
4 . 2 C r o p s  o t h e r  t h a n  C ocoa 1 2 9 . 3 1 4 6 .7 17 3 . 8 2 0 1 . 5 26 8 .  9 38 0 .  4
4 . 3 L i v e s t o c k 1 2 2 . 9 1 2 2 . 9 1 5 1 .4 1 8 0 . 0 2 7 1 . 4 3 0 5 .7
4 . 4 F o r e s t r y 111.1 1 1 7 .5 1 1 2 .7 1 3 6 .5 2 0 3 . 2 260. 3
4 . 5 F i s h e r y 1 5 5 . 6 1 3 0 . 9 - 1 4 4 . 4 2 0 5 . 6 2 66 .  7 2 0 8 . 9
4 . 6 O v e r a l l 1 2 9 . 6 1 4 9 .4 1 5 6 . 0 1 8 5 .3 2 4 1 . 7 3 3 6 . 0
S o u r c e :  C e n t r a l  B u rea u  o f  S t a t i s t i c s ,  1 9 7 7 ,  p . 7 8 ,  p . 7 9 .
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9TABLE 1.3
PERCENTAGE DISTRIBUTION OF VALUE OF EXPORTS OF DOMESTIC PRODUCE
Coiumod ily 19 G O i960 1970 1971 1972 1973 1974
Cocoa 63.4 62.9 72.1 65.3 59.7 56.8 65.1
Kola Nuts 0.1 0 . 2 0.1 0.1 0.1 0.2 0.1
Timber 8.5 10.0 8.0 9.1 11.6 19. 0 12.0
Bauxite 0.4 0.4 0 . 3 0.6 0 . 5 0.4 0.4
Manganese 3.2 1.8 1.6 1.8 1.8 1.0 1.2
Diamonds 5.2 3.5 3.1 3.2 3.4 1.9 1.7
Gold 8.6 7.6 5.6 7.8 9.2 10. 0 11.0
Aluminium - - 6.9 8.2 10.3 6.5 3.9
Other 10.6 13.6 2.3 3.9 3.4 4.2 4.6
Total 100.0 100.0 100.0 100. 0 100.0 100.0 100. 0
Source: Central Bureau of Statistics 1970; 1977, p.43.
65.1 per cent of total exports while timber accounted for about 12 
per cent. Table 1.3 indicates percentage distribution of exports of 
domestic produce.
Owing to the fundamental importance of agriculture in the 
economy of Ghana, the problems facing the agricultural industry which 
have tended to retard its growth have also acted as constraints on the 
rate of growth of the entire economy. These problems have accounted 
principally for the prevalence and persistence of a low level of pro­
ductivity in the country's agriculture. The main constraints derive 
from: the difficult nature of the environment; the outmoded farming
practices and land tenure systems; the inefficient organisation of
10
m a r k e t i n g  an d  e x t e n s i o n ;  t h e  u n d e r d e v e l o p e d  i n f r a s t r u c t u r e ;  and 
t h e  r e s t r i c t e d  p r o v i s i o n  o f  a g r i c u l t u r a l  c r e d i t  and  c a p i t a l  f o r  t h e  
v a r i o u s  r e q u i r e m e n t s  o f  a  co m p lex  i n d u s t r y .
G h a n a 's  a g r i c u l t u r a l  p o p u l a t i o n  i s  p r e d o m i n a n t l y  com posed
o f  s m a l l h o l d e r s .  In  t h e  1970 Sam ple  C e n s u s  o f  A g r i c u l t u r e ,  i t  was
e s t i m a t e d  t h a t  t h e r e  w e re  8 0 5 ,2 0 0  l a n d h o l d e r s  i n  a g r i c u l t u r e  i n  Ghana
o f  w h ic h  81 p e r  c e n t  w e re  f u l l - t i m e  h o l d o r / o p e r a t o r s . The 8 0 5 ,2 0 0
h o u s e h o l d s  had a n  a v e r a g e  s i z e  o f  5 . 6  p e o p l e  r e s u l t i n g  i n  an  e s t i m a t e d
fa rm  p o p u l a t i o n  o f  4 . 5  m i l l i o n  p e o p l e  o r  r o u g h l y  50 p e r  c e n t  o f  t h e  
2
t o t a l  p o p u l a t i o n .
T a b le  1 .4  g i v e s  t h e  s i z e  d i s t r i b u t i o n  o f  h o l d i n g s .  T h i r t y  
p e r  c e n t  o f  t h e  h o l d i n g s  a r e  l e s s  t h a n  two a c r e s ,  55 p e r  c e n t  l e s s  
t h a n  f o u r  a c r e s  and  82 p e r  c e n t  l e s s  t h a n  t e n  a c r e s .  A t t h e  o t h e r  
e x t r e m e ,  l e s s  t h a n  2 p e r  c e n t  o f  t h e  h o l d i n g s  a r e  g r e a t e r  t h a n  50 a c r e s .  
U n f o r t u n a t e l y ,  t h e  p e r c e n t a g e  o f  l a n d  by  s i z e  o f  h o l d i n g  i s  n o t
a v a i l a b l e .  H ow ever,  i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  Ghana i s  n o t
3
t r o u b l e d  w i t h  a l a n d  d i s t r i b u t i o n  p ro b le m  a t  p r e s e n t .
V e ry  l i t t l e  a d d i t i o n a l  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  
s m a l l  f a r m e r  a s  a  g ro u p  b u t  i n  1970 o f  t h e  8 0 5 ,2 0 0  h o l d e r s ,  1 1 1 ,1 0 0  
(14 p e r  c e n t )  w e re  c l a s s i f i e d  a s  p r o d u c i n g  f o r  s u b s i s t e n c e  o n l y ,  w h i l e
2 8 9 ,7 0 0  (36 p e r  c e n t )  w e re  c l a s s i f i e d  a s  ' m a i n l y '  s u b s i s t e n c e  and
4
4 0 4 ,4 0 0  (50  p e r  c e n t )  w e re  o p e r a t i n g  m a i n l y  f o r  s a l e .  T a b le  1 .4
2 G h a n a ' s  p o p u l a t i o n  was e s t i m a t e d  b y  t h e  1970 c e n s u s  t o  b e  8 . 5  m i l l i o n .
3 T h i s  i s  n o t  t o  s a y  t h a t  Ghana h a s  no l a n d  t e n u r e  p r o b le m .
4 The d e f i n i t i o n s  u s e d  f o r  t h e  c l a s s i f i c a t i o n  w e re  a s  f o l l o w s :  (a)
o p e r a t e d  f o r  s u b s i s t e n c e  o n l y  -  no c a s h  c r o p  c u l t i v a t e d  and l i t t l e  
o r  no s a l e  o f  f o o d  c r o p s ,  (b) o p e r a t e d  'm a i n l y '  f o r  s u b s i s t e n c e  -  
no m ore  t h a n  50 p e r  c e n t  o f  p r o d u c e  i n t e n d e d  f o r  home c o n s u m p t io n ,  
and  (c) o p e r a t e d  m a i n l y  f o r  s a l e  -  m ore t h a n  50 p e r  c e n t  o f  p r o d u c e  
i n t e n d e d  f o r  s a l e .
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summarises the available data with respect to production for market 
and farm size. If we consider 10 acres and less as small holdings, 
slightly over 40 per cent of the small cultivators in Ghana produce 
mainly for cash sale. Probably no more than half of these are cocoa 
farmers.'3 Therefore, it is estimated that about 65 per cent of 
Ghana's farmers are small food crop farmers (cultivating less than 
10 acres) of which some 20 per cent are producing only for sub­
sistence, 50 per cent are producing a surplus no larger than their own 
consumption and the remaining 30 per cent are producing mainly for sale.
Apart from cocoa, cultivated crops are sometimes artifi­
cially divided into food and industrial crops. The former arc those 
cultivated for direct human consumption; the latter provide raw 
materials for processing factories. The five main food crops are 
maize, rice, yam, cassava and plantain. Apart from cocoa, the other 
major industrial crops are pineapples, oil palm, citrus, tobacco, 
rubber, cotton and kenaf.
The foregoing indicates that agriculture is the major 
preoccupation of the people of Ghana. The introduction of cash crop 
production and modern husbandry practices has made it increasingly 
necessary for the farmer to obtain credit for his enterprise. Asso­
ciated with credit is the whole spectrum of agricultural project 
management in Ghana which needs re-examination in some aspects to 
bring to the fore some of the neglected issues.
5 The average size of cocoa holdings in 1970 was estimated to be 
12 acres (Ministry of Agriculture, Economics and Marketing 
Division, 1970).
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1.2 Agricultural Credit in Ghana; 1918-1960
In this section, we shall review the state of agricultural 
credit in Ghana between 1918 and 1960. There is very little written 
information concerning the extent of indebtedness among farm people 
in Ghana and the facilities available for extending credit to them 
to relieve their indebtedness and improve agricultural production 
and marketing. No efforts were made officially to tackle the problem 
of agricultural indebtedness until the end of the First World War.
The Colonial Government declined a petition presented to it in .1918 by 
the Chiefs of the Eastern Region for the ostabl islnnen t of an agri­
cultural bank. A further attempt was made by a deputation of 
Ghanaian politicians in 1925 which resulted eventually in the adoption 
of a co-operative credit system. Co-operative societies granted loans 
to their members as a means of relieving indebtedness, and the ability 
of societies to make loans available to their members was as great an 
attraction for joining them as the possibility of the farmer sharing 
the returns from the bulk sale of produce.
The expansion of the co-operative movement, especially in 
the cocoa growing areas, was accompanied by an increased demand for 
credit. In the 12 years between 1944 and 1956, the co-operative 
societies issued more than two and a quarter million pounds in small 
loans to members. As at 31 March 1956, an amount of £290,579 was 
outstanding to the Co-operative Societies (Anyane, n.d.).
Attempts were made under an Agricultural Bank Ordinance 
in 1948 to establish an agricultural bank for the relief of indebted­
ness among farmers. The ordinance was unfortunately never applied
14
and no agricultural bank came into existence. More positive steps 
were taken in 1950 when the Agricultural Loans Board Ordinance was 
passed to provide for the establishment and management of a Loans 
Board to facilitate the issue of credit for agriculture in Ghana.
In 1952, a 20 year loan for a quarter of a million pounds was made 
by government to the Agricultural Loans Board (ALB) at an interest 
rate of 2.5 per cent to enable it to undertake its functions. The 
responsibility for agricultural loans was transferred from the ALB 
to the Cocoa Purchasing Company (CPC) in 1953. The Company failed 
miserably owing to mismanagement. Out of 22,176 applications for 
loans (amounting to £6,582,461) made to the Company, 13,002 loans 
(or £3,227,845) were issued at a rate of interest of 10 per cent.
By 1957 when the Company was dissolved, over £3 million was still 
owed by farmers with little prospect for its recovery.
The CPC gave way to the United Ghana Farmer's Co-operative 
Council (UGFCC) which was more of a political instrument for the 
government. It became the sole agency for organising the farming 
community and received an annual subvention from government for 
granting loans and advances to farmers.
Despite these earlier attempts at institutional credit, 
however, the bulk of agricultural credit in Ghana (prior to the 
1960s) was provided by relatives, friends and money lenders. It was 
not until 1965 that an institutional base for agricultural credit
was established.
15
1 . 3  The A g r i c u l t u r a l  D evelopm ent Bank (ADB)
The ADB, w h ich  was o r i g i n a l l y  known a s  th e  A g r i c u l t u r a l  
C r e d i t  and C o - o p e r a t iv e  Bank, was e s t a b l i s h e d  by an A ct o f  P a r l ia m e n t  
in  1965 a s  a ' s p e c i a l i s e d  Bank ch arged  w i th  th e  d u ty  o f  p r o v id in g  
a d e q u a te  c r e d i t  f a c i l i t i e s  on r e a s o n a b le  term s to  a g r i c u l t u r e ,  f o r e s t r y ,  
f i s h i n g ,  a n im a l  husbandry  a s  w e l l  a s  t o  s m a l l - s c a l e  r u r a l  o r  c o t t a g e  
i n d u s t r i e s '  (Brown, 1 9 7 2 ) .  IT had d e v e l o p ' d  from I ho r u r a l  c r e d i t  
d ep a r tm en t  o f  th e  Bank o f  Ghana. The ADB i s  c u r r e n t l y  th e  main so u r c e  
o f  c r e d i t  to  s m a l l  fa rm ers  in  Ghana ( s e e  T a b le  1 . 5 ) .  Large s c a l e  
a g r i c u l t u r a l  p r o j e c t s  a re  f in a n c e d  by th e  N a t io n a l  I n v e s tm e n t  Bank 
( NI B) . The Ghana Commercial Bank (GCB), S tan dard  Bank o f  Ghana and 
B a r c la y s  Bank, t o  a l e s s e r  e x t e n t ,  a l s o  g r a n t  c r e d i t  f a c i l i t i e s  f o r  
farm ing  in  v a r i o u s  p a r t s  o f  th e  c o u n tr y .
1 . 3 . 1  O r g a n i s a t io n  and F u n c t io n s
The ADB was s e t  up w i t h  fo u r  main o b j e c t i v e s :
(1) The p r o v i s i o n  o f  c r e d i t  f a c i l i t i e s  f o r  th e  d ev e lo p m en t  
a n d /o r  m o d e r n is a t io n  o f  a g r i c u l t u r e  and a l l i e d  i n d u s t r i e s .
(2) The i d e n t i f i c a t i o n  and prom otion  o f  a g r i c u l t u r a l  
e n t e r p r i s e s  in  Ghana, w h eth er  s i n g l y  o r  j o i n t l y  w i t h  p e r s o n s  o r  
i n s t i t u t i o n s  e i t h e r  l o c a l  o r  f o r e i g n .
(3) The i n i t i a t i o n  o f ,  o r  p a r t i c i p a t i o n  i n ,  th e  c o n d u c t
o f  r e s e a r c h  and t r a i n i n g  d e s ig n e d  t o  promote a g r i c u l t u r e  in  g e n e r a l .
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(4) The mobilisation of financial and human resources 
to meet the country's development needs in agriculture.
Management
The overall policy of the bank is determined by a seven- 
man board of directors with the Managing Director and the Executive 
Director as full-time employees of the bank. The bank's Act enjoins 
the board in discharging its functions to act on commercial considera­
tions but with due regard to government policy on agriculture and 
cottage industries.
Organisation
The day to day activities of the bank are under the control 
of a Managing Director who is responsible to a Board of Directors.
The Managing Director is appointed by the government for a period not 
exceeding five years and is eligible for re-appointment.
There are seven main departments of the bank: Operations, 
Administration, Research and Planning, Internal Audit, Legal, Commercial 
Banking and Finance. The departments are controlled by Chief Managers 
who are responsible to the Managing Director. Branch Offices are 
controlled by Area Managers.
The Organisational Chart of the bank is shown in Appendix A.1.
1.3.2 Activities of the Bank
Responsibility for increased agricultural production has 
in the past been concentrated in the public sector. While certain
18
large projects initiated in this sector may probably be desirable, 
the bank nevertheless lays emphasis on loans to the private sector 
as a means of accelerating the transition from subsistence to commercial 
agriculture. It is also the bank's policy to direct investments into 
the production of raw materials for existing factories and import 
substitutes, particularly food crops. The bank's ultimate objective 
is to help raise the living standards of farmers through increased 
production and productivity.
The bank has not lost sight of the three sectors in Ghana's 
economic development, i.e. the private, government-cum-private and 
the co-operative sectors. Thus the bank has directed its activities 
to all these sectors.
Types of Loans
Loans granted by the ADB may be categorised into short, 
medium and long term and this classification is normally based on 
the expected life of the project for which the loan is granted.
Whether a particular investment is termed short, medium or long 
depends on the rate at which return from the particular project 
would be expected to pay off the loan. This, of course, depends 
also on the size of the project and the gestation period of the crop 
or livestock - the shorter the gestation period and, ceteris paribus, 
the shorter the loan term. Hence, the production and marketing of 
annuals such as rice, maize, yam, etc. qualify for short term loans
not exceeding 18 months.
19
Medium te rm  l o a n s  a r e  g r a n t e d  f o r  t h e  p u r c h a s e  o f  fa rm  
m a c h i n e r y  and  e q u ip m e n t ,  l i v e s t o c k ,  l a n d  d e v e lo p m e n t  an d  f o r  s e t t i n g  
u p  a g r o - b u s i n e s s  e n t e r p r i s e s  s u c h  a s  t r a c t o r - h i r i n g  s e r v i c e s .  T h ese  
l o a n s  a r e  n o r m a l l y  r e p a y a b l e  o v e r  a  p e r i o d  n o t  e x c e e d in g  f i v e  y e a r s .
P r o j e c t s  w i t h  lo n g  g e s t a t i o n  p e r i o d s  su ch  a s  p e r e n n i a l  
c r o p s  ( o i l  pa lm ),  o r  i r r i g a t i o n  p r o j e c t s ,  f a l l  w i t h i n  t h e  c a t e g o r y  o f  
lo n g  te rm  p r o j e c t s  and a r e  c o m m it te d  f o r  p e r i o d s  n o t  e x c e e d i n g  
15 y e a r s .
I n t e r e s t  R a t e s  on  L o an s
By a g o v e r n m e n t  d i r e c t i v e ,  t h e  ADB now c h a r g e s  b e tw e e n  
8% and  12% p e r c e n tu m  p e r  annum on  a g r i c u l t u r a l  l o a n s .  I n  f i x i n g  
i n t e r e s t  r a t e s  w i t h i n  t h i s  r a n g e ,  h o w e v e r ,  t h e  b an k  t a k e s  i n t o  c o n ­
s i d e r a t i o n  t h e  f i n a n c i a l  p r o s p e c t s  o f  t h e  p r o j e c t  t o  b e  f i n a n c e d ,  
t h e  l e n g t h  o f  t h e  te rm  o f  t h e  l o a n  and  t h e  d e g r e e  o f  r i s k s  a s s o c i a t e d  
w i t h  i t .
H i t h e r t o ,  t h e  b a n k s  h a v e  b e e n  c h a r g i n g  a f l a t  i n t e r e s t  
r a t e  o f  6 p e r  c e n t  p e r  annum on a l l  a g r i c u l t u r a l  l o a n s .  The r a t i o n a l e  
b e h in d  t h e  i d e a  o f  l o w e r in g  t h e  r a t e  w as t o  make c r e d i t  c h e a p e r  t o  
t h e  a g r i c u l t u r a l  s e c t o r  w i t h  a v ie w  t o  e n c o u r a g i n g  t h e  p u b l i c  t o  
i n c r e a s e  t h e i r  b o r r o w in g  p o w e rs  so  a s  t o  i n v e s t  i n  a g r i c u l t u r e  on a 
l a r g e r  s c a l e  t h a n  b e f o r e .  The b a n k s  h a v e  b e e n  a b l e  t o  o p e r a t e  on 
t h i s  s m a l l  r a t e  o f  i n t e r e s t  l a r g e l y  b e c a u s e  t h e y  c a n  b o r ro w  f u n d s  
from  t h e  C e n t r a l  Bank o r  t h e  g o v e r n m e n t  a t  a  much r e d u c e d  r a t e .
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Securities on Collateral
The ADB requires that all loans should be secured. The 
following securities are normally accepted for agricultural loans:
Promissory Note: Here the customer signs a promissory
note in favour of the bank for the loan amount approved. With customers 
who have low net worth in assets, the bank requires that the promissory 
note be countersigned by a person with good financial standing.
Landed Property: The customer may be required to secure
the loan with immovable property.
Indemnity/Guarantors: Customers may be asked to provide
persons with good financial standing to indemnify the bank in respect 
of loans.
Life Policy, Stocks and Bonds: These arc also accepted by
the bank as security. The bank also takes a hypothecation over the 
crops and livestock. The management competence of the customer, 
viability of the project and the associated risks are considered 
when determining the type of security to be offered by customers.
1.4 Objectives and Scope of the Study
It is evident from the foregoing that agriculture forms 
the basis of Ghana's economy. The development banks, especially the 
ADB, therefore, have a crucial role to play in the financing and
development of the industry.
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The m a i n  o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  ex a m in e  t h e  r o l e  o f  
t h e  ADB i n  i t s  e c o n o m ic  m an ag em en t  o f  a g r i c u l t u r a l  p r o j e c t s  i n  Ghana 
an d  t o  b r i n g  i n t o  f o c u s  some o f  t h e  n e g l e c t e d  a s p e c t s  o f  i t s  m e t h o d o ­
l o g i c a l  a p p r a i s a l  p r o c e d u r e s  an d  i m p l e m e n t a t i o n  o f  p r o j e c t s .  An 
a t t e m p t  w i l l  be  made t o  o f f e r  some s u g g e s t i o n s  and a p p r o a c h e s  f o r  o v e r ­
com ing  t h e s e  s h o r t c o m i n g s .
In  t h i n  analysis, t h e  ADIl'y o p e r a t i o n s  will be exam ined  i n  
t h e  c o n t e x t  o f  a  p l a n n i n g  and m anagem en t  c y c l e  a s  i n d i c a t e d  i n  F i g u r e  1 . 1 .  
E ac h  s t a g e  o f  t h e  c y c l e  w i l l  be  a n a l y s e d  and,  w h e r e  n e c e s s a r y ,  m e t h o d s  
f o r  im p r o v e m e n t  s u g g e s t e d .
The m a in  h y p o t h e s i s  o f  t h i s  s t u d y  i s  t h a t  a g r i c u l t u r a l  p r o ­
j e c t s  a r e  r i s k y  and h a v e  u n c e r t a i n  o u t c o m e s  and t h a t  i t  i s  i m p e r a t i v e  
t o  t a k e  i n t o  a c c o u n t  e l e m e n t s  o f  r i s k  an d  u n c e r t a i n t y  i f  e x - p o s t  and 
e x - a n t e  p r o j e c t  p e r f o r m a n c e s  a r e  t o  b e  c o n s i s t e n t .  The m a in  c o n t r i b u ­
t i o n  o f  t h i s  s t u d y  w i l l ,  t h e r e f o r e ,  b e  an  a t t e m p t  t o  d e v e l o p  a s u i t a b l e  
m e t h o d o l o g y  f o r  t h e  i n c o r p o r a t i o n  o f  a m e a s u r e  o f  r i s k  i n  two s e l e c t e d  
p r o j e c t s  a p p r o v e d  by t h e  A g r i c u l t u r a l  D e v e l o p m e n t  Bank .  T h i s  h a s  b e e n ,  
h i t h e r t o ,  a  n e g l e c t e d  a r e a .  The Monte C a r l o  s i m u l a t i o n  t e c h n i q u e  w i l l  
b e  m o d i f i e d  f o r  u s e  i n  t h e  fo rm  o f  p r o b a b i l i t y  a p p r a i s a l .  The u s e  o f  
d i s c o u n t e d  c a s h  f l o w  m e t h o d s ,  a c c o u n t i n g  p r i c e s  and shadow wage r a t e s  
w i l l  a l s o  b e  l o o k e d  i n t o .
P i n e a p p l e  an d  m a i z e  p r o j e c t s  o f  t h e  ADB' s c u s t o m e r s  h a v e  
b e e n  s e l e c t e d  f rom t h e  w r i t e r ' s  l o a n  p o r t f o l i o  f o r  t h i s  e x e r c i s e .  The 
s e l e c t i o n  o f  p r o j e c t s  f o r  a n a l y s i s  i n  t h i s  s t u d y  h a s  l a r g e l y  b e e n  
i n f l u e n c e d  by  t h e  g r e a t e r  e m p h a s i s  p l a c e d  by  t h e  b a n k  on t h e  p r o j e c t s '  
f i n a n c i n g  an d  d e v e l o p m e n t .  ( See  T a b l e  1 . 6  f o r  l o a n  p o r t f o l i o  b y  ADB t o
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TABLE 1.6
LOAN CLASSIFICATION
The 1975 loan portfolio may be classified on sector
W )
Sector Amount
Food Crops
Livestock
Industrial Crops
Fishing
Agro-Business
Sub-Total
Schemes
Maize
Yam
Rice
Cassava
Cotton
Shallot
Groundnuts
Guinea Corn/Beans/Millet 
Sub-Total
Cocoa Rehabilitation 
Special Projects
Sub-Total
4,475,726.25 
828,020.00
1.763.249.00 
1,080,298.85
1.272.824.00
4.683.474.00
2.578.490.00
241.405.00
251.516.00 
300,000.00
21,200.00
110.790.00 
41,820.00
1,468,518.80
1,952,492.23
Grand Total
basis as follows:
9,420,118.10
8,228,695.00
3,421,011.03
021,069,824.13
Source: ADB 1975, p.14.
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t h e  v a r i o u s  s e c t o r s . )  However ,  t h e  u n a v a i l a b i l i t y  o f  a d e q u a t e  d a t a  
h a s  c o n s t r a i n e d  t h e  c h o i c e  o f  p r o j e c t s  f o r  s t u d y .  D e s p i t e  t h i s  s h o r t ­
c o m i n g ,  i t  i s  hoped  t h a t  t h e  m e t h o d o l o g y  d e v e l o p e d  w i l l  b e  u s e f u l  
an d  w i l l  p r o v i d e  t h e  b a s i s  f o r  f u t u r e  r e s e a r c h  work .  The a p p l i c a t i o n  
o f  t h i s  t y p e  o f  a n a l y s i s  i n  p r o j e c t  a n a l y s i s  w i l l  a l s o  t r a i n  m a n a g e ­
m e n t  t o  a p p r e c i a t e  t h a t  p r o j e c t s  c a n  b e  r i s k y  and t h a t  a  m i s t a k e  i n  
c o m m i t t i n g  r e s o u r c e s  t o  v e r y  r i s k y  p r o j e c t s  m i g h t  be  v e r y  c o s t l y .
I n  e f f e c t ,  m an ag e m en t  w i l l  be  p r o v i d e d  w i t h  more  a p p r o p r i a t e  i n f o r m a ­
t i o n  f o r  mak ing  t h e  r i g h t  d e c i s i o n s  b y  r e c o g n i s i n g  t h e  l i k e l i h o o d  o r  
v a r i a b l e  o u t c o m e  o f  p r o j e c t s  i n  t h e  f a c e  o f  r i s k  an d  u n c e r t a i n t y .
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CHAPTER 2
PROJECT FINANCING AND MANAGEMENT IN THE ADB
This chapter highlights project financing and management 
in the ADB. It also attempts to identify some of the neglected 
issues and problems which have characterised the Bank's operations.
The main aspects of planning and management covered are depicted in 
Figure 2.1.
2.1 Project Identification and Selection
One major objective of the ADB is the identification and 
promotion of agricultural enterprises in Ghana, whether singly or 
jointly, with persons or institutions either local or foreign.
Ghana's economy, like most development economies, is faced 
with constraints. However, development opportunities still exist.
The constraints are numerous, powerful and entrenched, while the 
development opportunities, although numerous, are less apparent. 
Investment projects are, therefore, planned with a view to exploiting 
the most promising areas of the economy.
In carrying out the above-mentioned objective, the ADB 
looks at the country's agricultural potential needs and targets as 
embodied in the national development plan. The purpose of the develop­
ment plan is to determine general guidelines that should lead to the 
fulfilment of overall development goals.
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In trying to moot tho cri terion not Tor project identif i­
cation, the ADD attempts to observe the following conditions:
(a) the project is subjected to an examination to 
ensure its priority for the economy and 
especially for the agricultural sector;
(b) the project will yield a high rate of economic 
return to the society.
Potential projects identified by the ADB for financing are 
normally defined to conform with the alternative sectoral strategies 
that would lead to the achievement of the objectives specified by the 
policy planning exercise.
The ADB is bound by its objective to select any technically 
feasible and economically viable agricultural or agro-industrial pro­
ject presented to it for financing. Thus the bank handles the bulk of 
institutional investment in the country's agricultural sector.
Refer again to Table 1.5 for loan advances to the agricultural 
sector by the major financial institutions.
Despite the heavy demand on the ADB's resources, selection 
of projects for financing is frequently on the basis of total financial 
resources available to the bank for investment and this is quite often 
limited. The main sources of loanable funds for the credit institu­
tions in Ghana are the Government of Ghana and the Central Bank. Funds 
from these sources are obtained by the credit institutions in the form 
of loans and equity subscription. External aid and loans to the agri­
cultural sector have also been coming from the World Bank through the
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International Development Association (IDA) and also the African 
Development Bank.
Apart from a project's viability, a farmer's eligibility 
to receive credit from the ADB depends on his management competence 
and his ability to provide some sort of security or collateral.
Apart from projects identified, selected and financed by 
the ADB, an intending customer of the bank normally lodges an appli­
cation for a loan and, on its receipt, he is invited to an interview.
If from the discussion it becomes evident that the project has a 
chance of success, the applicant is given an official application 
form to complete and return, giving more details of the proposed 
project. The technical officer in charge of the project in question 
verifies the information furnished by the applicant by visiting the 
project site. He then assembles the initial data necessary to enable 
proper assessment of the applicant's credit needs and the profitability 
of the project to be determined. The technical officer then submits 
a pre-appraisal report to a screening committee for consideration 
prior to final appraisal and consideration by a loans committee and/or 
Board of Directors.
Despite the strong efforts made by the ADB in identifying 
and selecting agricultural production projects, a number of serious 
deficiencies arise in this direction.
The process of identification begins with the search for 
an idea with a development potential and ends with a specific project. 
In between lie a number of steps which need to be undertaken system­
atically until the final project is evolved. This gradual build-up
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from a development-oriented idea to a specific project is achieved 
through a process of successive approximations and calls for a number 
of preparatory and analytical phases involving use of supporting data, 
the participation of many experts in various disciplines, as well as 
close co-operation between various government agencies and departments. 
However, the machinery for such a thorough exercise falls short of 
expectation as a result of lack of a proper compendium of essential 
statistics for the economy and the agricultural sector, including an 
analytical presentation of the structural indicators of the economy 
and the agricultural sector, with particular emphasis on the inter­
relationship between the two.
Some problems also arise in the co-ordination of projects 
with the national development plan, despite attempts by the bank to 
relate project identification and selection with it. These include: 
the lack of strong political and administrative support for national 
plans among operating ministries responsible for project implementa­
tion; ineffective communication of plan goals to the bank and other 
allied organisations with investment resources; and the failure to 
specify projects required for plan implementation. The shortage 
of adequately trained planners and specialists in central planning 
agencies and operating ministries and the bank itself compounds the 
problem.
Other serious problems in this aspect of project planning 
and management are the promotion of 'pet projects' by individuals and 
groups within government agencies, the bank and even international 
assistance organisations. Development patterns are often distorted
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t h r o u g h  t h e  i m p o s i t i o n  o f  f u n d i n g  a g e n c y  p r i o r i t i e s  on r e c i p i e n t  
g o v e r n m e n t s .  Long l a g  p e r i o d s  i n  t h e  p r o c e s s i n g  o f  p r o j e c t  p r o p o s a l s  
by  g o v e r n m e n t  a g e n c i e s  and f u n d i n g  o r g a n i s a t i o n s  h a v e  a l s o  c a u s e d  
p r o b l e m s .
2 . 2  P r o j e c t  F o r m u l a t i o n  ( A p p r a i s a l  a n d  F e a s i b i l i t y  S t u d y  P r e p a r a t i o n )
Once a  p r o j e c t  h a s  b e e n  s e l e c t e d  a s  p r o m i s i n g ,  t h e  n e x t  m a j o r  
t a s k  i s  t o  f o r m u l a t e  t h e  s e l e c t e d  i n v e s t m e n t  p r o p o s a l  and t o  e x a m i n e  
s y s t e m a t i c a l l y  a n d  i n  some d e p t h  i t s  e s s e n t i a l  f e a t u r e s .  T h e s e  f e a t u r e s  
w i l l  i n c l u d e  a  s t u d y  o f  p r o j e c t  a r e a ,  p u r p o s e ,  s i z e  and l o c a t i o n  o f  p r o ­
j e c t ,  d e s c r i p t i o n  o f  m a j o r  w o r k s  an d  o t h e r  p r o j e c t  c o m p o n e n t s ,  e s t i ­
m a t i o n  o f  c o s t s  and t h e i r  c o m p o s i t i o n ,  p r o p o s e d  p r o d u c t i o n  p a t t e r n ,  
v o lu m e  and v a l u e  o f  i n c r e m e n t a l  o u t p u t ,  p r o j e c t  f i n a n c i n g ,  o r g a n i s a t i o n a l  
an d  m an ag e m en t  n e e d s  and f i n a l l y  t h e  p r o s p e c t i v e  f i n a n c i a l  r e t u r n s  o f  
t h e  p r o j e c t .  Such  a  s y s t e m a t i c  e x a m i n a t i o n  a m o u n t s  t o  u n d e r t a k i n g  t h e  
f e a s i b i l i t y  s t u d y  o f  t h e  s e l e c t e d  i n v e s t m e n t  p r o p o s a l  f o r  t h e  p u r p o s e  
o f  r e a c h i n g  a  f i n a l  d e c i s i o n .
I n  t h e  d e t a i l e d  f e a s i b i l i t y  s t u d y  o f  p r o j e c t s ,  t h e  ADB 
e x a m i n e s  t h e i r  t e c h n i c a l  c o n s i d e r a t i o n s ,  m a r k e t i n g ,  m a n a g e m e n t ,  
e c o n o m i c  an d  f i n a n c i a l  a s p e c t s ,  c o l l a t e r a l  o f f e r e d  and r e p a y m e n t  
a r r a n g e m e n t s .  A f o r m a t  d e p i c t i n g  t h e  b a n k ’ s f e a s i b i l i t y  s t u d y  o f  
p r o j e c t s  i s  shown i n  A p p e n d i c e s  B . l  an d  B .2 .
P r o j e c t  f o r m u l a t i o n ,  a s  p o i n t e d  o u t  e a r l i e r ,  f o r m s  a v e r y  
i m p o r t a n t  l i n k  i n  t h e  p r o j e c t  p l a n n i n g  and m anagem en t  c y c l e  an d  s h o u l d  
p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  t o  t h e  u l t i m a t e  d e c i s i o n - m a k i n g  a u t h o r i t y  
f o r  t h e  p u r p o s e  o f  r e a c h i n g  a f i n a l  d e c i s i o n .  In  s p i t e  o f  t h e
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importance of this link, there are a number of deficiencies in the 
setting followed by the ADB which have tended to result in the making 
of recommendations for decision-making which are not based on sound 
and logical assumptions and facts. The most neglected issues are in 
the following steps in project formulation.
2.2.1 The Project Area
The success or failure of the project will primarily depend 
on the adequacy and quality of the physical and human resources of the 
area embraced by the project and its future economic prospects.
However, most analyses in this section have not been supported by the 
findings of surveys and other relevant data on physical resources, 
population and employment, economic and social infrastructure, institu­
tions, economy of the project area and agriculture of the project area.
2.2.2 Project Description
Here certain essential features of the project have often 
been overlooked. In defining project objectives, secondary objectives, 
if any, have not been emphasised and there has not been structuring of 
primary objectives which is important from the point of view of defining 
various project activities and establishing the logical sequence 
between them.
The presentation of proposed major works and other essential 
components which ought to be established to bring the project to the 
stage of full development have not been fully detailed to provide a 
clear picture of their nature and scope and to enable the estimation 
of costs to be made with a fair degree of reliability.
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2.2.3 Organisation and Management
The success of the project depends largely, apart from 
its technical and economic merits, on the effectiveness of the 
organisation or organisations and management responsible for its 
construction and operation.. Without an efficient organisation, 
a sound and viable project may end in failure. This important aspect 
of the production process., however, has a number of deficiencies 
which need to bo examined. These include insufficient capacity or 
incompetence of local contractors; difficulty in obtaining local 
resources and materials during construction; lack of proper operation 
and maintenance facilities at the on-going phase of the project; and 
most important of all, problems with farm services and other agrarian 
measures. Hero research and extension have been lacking or inadequate, 
major input supply has been a hindrance, and marketing and processing 
have not been well handled. Land tenure problems resulting in pro­
tracted litigations have also disrupted a number of projects as a 
result of improper land reform.
2.2.4 Pricing of Inputs and Outputs
Project costs consist of all the expenditures on goods 
and services required for the various phases of the project: precon­
struction, construction, operation and maintenance. At the formula­
tion stage these costs are in the form of estimates and their degree 
of reliability depends on the extent to which various project actions 
are translated into appropriate work quantities and their corresponding 
justified unit rates. It is essential, also, that in the feasibility
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s t u d y  t h e  v a r i o u s  c o s t  and p r i c e  e s t i m a t e s  be  f a i r l y  r e l i a b l e  s i n c e  
t h e y  fo r m  t h e  main  b a s i s  f o r  p r o j e c t  f u n d i n g  a n d  f o r  c a l c u l a t i n g  t h e  
f i n a n c i a l  and e c o n o m i c  r e t u r n s  o f  t h e  p r o j e c t .
I t  i s  r e g r e t t a b l e ,  h o w e v e r ,  t o  n o t e  t h a t  a s  a  r e s u l t  o f  
i n a d e q u a t e  an d  u n r e l i a b l e  d a t a  and i n f l a t i o n a r y  t r e n d s ,  c o s t  and p r i c e  
e s t i m a t e s  b y  t h e  ADB an d  o t h e r  f i n a n c i a l  i n s t i t u t i o n s  i n  Ghana have  
n o t  b een  r e a s o n a b l y  a c c u r a t e  an d  hav e  more  o f t e n  t h a n  n o t  d e v i a t e d  
w i d e l y  f r o m  t h e  e x p e c t e d  norm.  T h i s  p r o b l e m  o f  i n c o r r e c t  c o s t i n g  
h a s  b e e n  compounded by t h e  u s e  o f  a s i n g l e - v a l u e d  e s t i m a t i o n  a p p r o a c h .  
U n c e r t a i n t y  u s u a l l y  a f f e c t s  m o s t  o f  t h e  v a r i a b l e s  w h i c h  a r e  c o m b in ed  
t o  o b t a i n  a c o s t  e s t i m a t e ,  an e c o n o m ic  r a t e  o f  r e t u r n ,  a n e t  p r e s e n t  
v a l u e ,  a f i n a n c i a l  r e t u r n ,  o r  any o f  t h e  o t h e r  i n d i c a t o r s  w h i c h  may 
be  u s e d  t o  e v a l u a t e  a p r o j e c t .  S o m e t im es  t h i s  u n c e r t a i n t y  i s  d e a l t  
w i t h  by  c o m b i n i n g  v a l u e s  f o r  a l l  i n p u t  v a r i a b l e s ,  c h o s e n  i n  s u c h  a 
way t h a t  t h e y  y i e l d  a c o n s e r v a t i v e  e s t i m a t e  f o r  t h e  r e s u l t  o f  t h e  
a n a l y s i s .  I n  o t h e r  c a s e s ,  t h e  b e s t  e s t i m a t e  v a l u e  i s  s e l e c t e d ,  t h a t  
i s ,  t h e  v a l u e  w h i c h  i t  i s  t h o u g h t  i s  m o s t  l i k e l y  t o  be  a c h i e v e d .  B o th  
t h e s e  s o l u t i o n s  i m p l y  a d e c i s i o n :  f i r s t  t o  l o o k  a t  t h e  p r o j e c t  w i t h  
a  c o n s e r v a t i v e  e y e ,  and s e c o n d  t o  d i s r e g a r d  t h e  c o n s e q u e n c e s  o f  an y  
v a r i a t i o n  a r o u n d  t h e  b e s t  e s t i m a t e  v a l u e .  B o t h  c a n  l e a d  t o  b i a s e d  
d e c i s i o n s .
T h i s  h a s  b e e n  r e c o g n i s e d  by H e r t z  ( 1 9 6 4 ) ,  R e u t l i n g e r  
( 1 9 7 0 ) ,  P o u l i q u e n  (1970)  and J o n e s  ( 1 9 7 2 ) .  F o r  e x a m p l e ,  P o u l i q u e n  
a s s e r t s  t h a t  ’ i f  we c o m b in e  o n l y  c o n s e r v a t i v e  e s t i m a t e s  o f  o u r  v a r i ­
a b l e s ,  o u r  f i n a l  r e s u l t  i s  l i k e l y  t o  ' o v e r  c o n s e r v a t i v e ' .  On t h e  
o t h e r  h a n d ,  by u s i n g  o n l y  b e s t  e s t i m a t e  v a l u e s  o f  t h e  v a r i a b l e s  we
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fail to take into account that other values of the variables we 
combine might result in substantial variations in the final estimate; 
thus, by basing our decision on a single value of the decision variable 
we may be taking more risk than we intend.' (Pouliquen 1970, p.2).
2.2.5 Indicators of Project Worthiness
There are a number of indicators of worthiness of a 
project, some simple and some complicated. However, the common 
denominator of all indicators is the comparison of benefits and 
costs. A good indicator of worthiness should be comprehensive, i.e. 
it should take into calculation all the cost and benefit items 
brought about by the project and these should be appropriately valued. 
If these two prerequisites are not met, the value of the indicator 
is in serious doubt.
In the ADD, the most simple non-discounting methods are 
used in determining the worth of both small and large scale projects. 
These measures, although having their own inherent advantages, fail 
to take into account the consideration of time and could give mis­
leading results.
One of the indicators, the pay-back period or 
recoupment method shows the number of years required for net 
benefits to equal the cost of the project. It has the advantage 
of being simple and is considered to be a useful criterion where 
the emphasis is on early recovery (break-even point) of capital
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because of financial constraints. It could be particularly useful 
in the case of risky investments where risk is due to technological 
progress and commercial uncertainties. The main shortcomings of the 
indicator, however, are that it gives excessive weight to quick 
yields and ignores the importance of net benefits beyond the break­
even point. Another disadvantage is that no allowance is usually 
made for taxation or for capital allowances (these may be very 
different for different projects). Even if some attempt is made to 
include these, the benefits of investment allowances may accrue 
over ten to fifteen years, or even more, and are therefore under­
valued since they continue after the end of the pay-back period.
The other main indicator used is the return on investment 
or the peak profit method. The basis of this method is to take the 
level of profits in the best year and express it as a rate of return 
on the sum invested. The assumption behind this method is that the 
peak-j^rofit rate of return is in some way a guide to the average profit­
ability of the project. Hawkins and Pearce (1971, p.16) contend that 
this assumption is only valid if projects have similar lengths of life 
and similar profit streams. In practice, however, project lives vary 
enormously, as do profit patterns. Some projects have profits which 
are expected to build up slowly to a peak; others reach a peak early 
and then decline. A project with a relatively low peak profit, but 
which reaches its peak early, may be better than one which reaches 
a higher peak later in its life. The reason is that the high early 
profits can be re-invested. The peak profit method cannot allow for
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t h i s ,  n e i t h e r  can i t  d e a l  a d e q u a t e l y  w i t h  th e  e f f e c t s  o f  c a p i t a l  
a l l o w a n c e ,  wh ich  may d i f f e r  from p r o j e c t  t o  p r o j e c t .
2 . 2  A) h en :: i. L1 v i by A n a l y s i s
The r a t e  o f  r e t u r n  o f  a p r o j e c t  i s  l i k e l y  to  bo a f f e c t e d  
by c h a n g e s  in  v a l u e  o f  some o f  i t s  b a s i c  p a r a m e t e r s .  S e n s i t i v i t y  
a n a l y s i s  can be u n d er ta k en  by v a r y i n g  t h e  vain«' o f  ea ch  o f  th e  
s e n s i t i v e  p a r a m e t e r s  by t h e  same f i x e d  p e r c e n t a g e  so a s  t o  d e t e r m i n e  
which  one i s  l i k e l y  to  have a g r e a t e r  impact  on t h e  r a t e  o f  r e t u r n  
i f  a ra n g e  i s  assumed i n s t e a d  o f  a u n iq u e  v a l u e .  In t h i s  way,  s e n s i ­
t i v e  p a r a m e t e r s  a r e  i s o l a t e d  and a s e r i e s  o f  r a t e s  o f  r e t u r n  c a l c u ­
l a t e d  by a s s i g n i n g  d i f f e r e n t  v a l u e s  to  th e  s e n s i t i v e  p a r a m e t e r .  
D e s p i t e  th e  u s e f u l n e s s  o f  t h i n  method in f e a s i b i l i t y  a n a l y s i s ,  i t s  
u s e  has  l a r g e l y  been n e g l e c t e d  in  t h e  ADB.
2 . 3  P r o j e c t  A p p ro v a l ,  I m p l e m e n t a t i o n ,  S u p e r v i s i o n ,  M o n i t o r in g  
and C o n t r o l
F o l l o w i n g  t h e  a p p r a i s a l  o f  a p r o j e c t ,  a f e a s i b i l i t y  
r e p o r t  i s  p r e s e n t e d  t o  a l o a n s  c o m m i t t e e / b o a r d  f o r  t h e i r  f i n a l  
d e c i s i o n .  They a s s e s s  t h e  major a s p e c t s  o f  t h e  p r o j e c t ,  i . e .  
t e c h n i c a l ,  c o m m e r c i a l ,  o r g a n i s a t i o n a l  , f i n a n c i a l  and e c o n o m ic ,  w i t h  
a v i e w  t o  making a judgement  on i t s  w o r t h i n e s s .  In some c a s e s ,  t h e  
t e c h n i c a l  o f f i c e r  p r e s e n t i n g  t h e  r e p o r t  i s  i n v i t e d  t o  th e  m e e t i n g  t o  
d e f e n d  c e r t a i n  a s p e c t s  o f  th e  r e p o r t  w hich  m ig h t  n o t  be a p p a r e n t l y
c l e a r  or  c o n v i n c i n g .
When a project is approved for financing, various formal­
ities (signing of promissory note, execution of Heads of Agreement, 
etc.) are carried through and disbursements follow.
Adhering to the system of supervised credit, the ADB as 
a rule docs not disburse its loans in cash or at one discrete period 
unless circumstances really demand that such a rule should be set 
aside in the best interests of the project being financed. When a 
loan is made under the system of supervised credit, the applicant is 
made to understand that he should utilise his loan mainly in kind 
and he should thus make his purchases with the consent of the bank. 
Payments are made on behalf of the bank upon receipt of pro forma 
invoices, statements or bills from the suppliers of the inputs or 
capital items purchased. If, for the payment of any item or, as 
is usually the case with regard to payment of wages for labour, 
cash disbursement is made, the bank would have to satisfy itself as 
to the bona fides of the customer's request so as to ensure that 
money is not diverted for other purposes.
Supervision, Monitoring and Control
Following the approval and disbursement of loans, follow­
ups are made by the personnel of the bank to check on the progress 
of the project. On such visits, the officer's attention is focussed 
on items to which disbursements have been made and difficulties 
facing the customer. These follow-ups are carried out regularly and 
reports are compiled. The purpose of this monitoring system is to 
provide the necessary information for effective project management.
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It tries to compare planned outputs, targets and purpose with the 
real levels achieved by the project.
Once a project is selected, its timely approval by the 
management of the financial institution and the ability to implement 
operation plans is a crucial determinant of ultimate success or 
failure. But the ADB and other financial institutions in Ghana face 
particular difficulties in activating, organising and implementing 
projects.
Among the most frequently encountered problems of initia­
tion are:
(1) delays in granting necessary approval for 
project activation, and procedural and 
bureaucratic delays at the management/board 
level;
(2) difficulty in obtaining local and imported 
resources and materials during construction, 
leading to delays and cost over-runs.
Apart from the above difficulties, there have been several 
instances where unavailability and exhorbitant prices of certain farm 
inputs at the times required appeared to have nullified the efforts 
of the credit institutions. Specific infrastructures which are con­
sidered necessary prerequisites for successful implementation of credit 
programmes have also not been easily available to farm operators. The 
situation is further worsened where a particular customer is found 
wanting in the management of his own project.
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By the very nature and objectives of agricultural credit, 
more effective supervision, monitoring, control and ex-post evaluation 
are needed if the lending institution, the farmer and society as a 
whole, are to benefit from the project. However, lack of managerial 
skills and technical competence, the severe shortage of trained 
administrators and technical staff and ineffective and inadequate 
extension services plague these aspects of agricultural credit 
programmes.
Problems of monitoring and control have tended .to result 
in failure to properly re-design projects upon discovery of un-antici- 
pated obstacles to implementation. They have also brought about fre­
quent failures to collect and process feedback information required 
to indicate achievement of performance targets and to correct devia­
tions from work schedules and specifications.
2.4 Project Completion or Termination and Evaluation
When the monitoring process does not reveal a deviation 
of the project from the set targets, purpose and planned outputs, 
the bank's involvement normally comes to an end after the loan has 
been fully amortised. Of course, if the bank directly holds a share 
in the project, then it continues to operate it through its economic 
life. A project would cease to be operational when it is abandoned 
by the customer as a result of improper management, destroyed by a 
natural hazard, or for some other reason.
With respect to on-going projects, the monitoring process
wauld more often than not reveal that activities and resources are not
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matched by the actual results because of inefficiency in several areas. 
Under such circumstances, an evaluation process is carried out. This 
process attempts to define why things have happened the way they have.
An attempt is made to determine the effectiveness of resources and 
of planned activities. These activities are conducted in the pursuit 
of the project purpose and contribute to the realisation of the pro­
gramme goal. In other words, given a set of project inputs (resources 
and activities) the evaluation exercise consists of determining 
whether the anticipated outputs were produced, whether these outputs, 
in fact, achieved the project purpose, and finally whether this made 
a significant contribution towards the achievement of programme goals.
2.5 Loan Recovery and Rescheduling
The customer is expected to repay his loan by following a 
repayment schedule given to him by the bank. The schedule is a 
table stating the specific dates for repayment of the instalments 
and the amount of the instalments. Periodic reminders and contacts 
with the customer are made when the repayment falls due but is not 
honoured.
In certain cases, it becomes necessary for a particular 
project to be re-appraised and the repayment revised and/or further 
investments made to correct loan imbalances and operational bottlenecks.
Loan rescheduling or further investments are made under 
the following circumstances:
(1) positive fluctuations in input prices during 
the constructional stage of the project;
{?.) natural hazards resulting- in low product ion;
(3) low produce price at harvest; and
(4) disabilities which prevent the project from 
achieving the targets and projections indicated 
in the original report.
An annual review on defaulters and delinquent customers 
is carried out in order to reschedule loans where there is a genuine 
case for re-adjustment. Requests for rescheduling of loan repayments
go to the appropriate committee.
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CHAPTER 3
PROJECT EVALUATION METHODOLOGY
T h i s  c h a p t e r  e x a m in e s  t h e  c u r r e n t  s t a t e  o f  p r o j e c t  
e v a l u a t i o n  m e th o d o lo g y .  ( E v a l u a t i o n  i n  t h i s  c o n t e x t  m ean s  a p p r a i s a l  
a n d  i t  t a k e s  p l a c e  b e f o r e  a p r o j e c t  i s  a p p r o v e d .  I t  i n c l u d e s  e x - a n t e  
e v a l u a t i o n  o f  a n t i c i p a t e d  b e n e f i t s . )
In  S e c t i o n  3 . 1  t h e  m ain  p r o j e c t  e v a l u a t i o n  p r o c e d u r e s  a r e  
r e v i e w e d .  S e c t i o n  3 . 2  c o v e r s  a n  e x a m i n a t i o n  o f  t h e  d i f f i c u l t i e s  o f  
e c o n o m ic  c o s t - b e n e f i t  a n a l y s i s .  A c r i t i q u e  o f  t h e  m e t h o d o l o g i e s  
r e v i e w e d  i s  u n d e r t a k e n  i n  S e c t i o n  3 . 3 .
3 . 1  A R eview  o f  t h e  Main P r o j e c t  E v a l u a t i o n  P r o c e d u r e s
3 . 1 . 1  C o s t - B e n e f i t  A n a l y s i s
T h e re  a r e  v a r i o u s  m e t h o d o l o g i c a l  f r a m e w o rk s  t o  ap x ^ ra isc  
p r o j e c t s  b y  c o s t - b e n e f i t  a n a l y s i s .  h o w e v e r ,  t h e y  a r e  a l l  b a s e d  on 
t h e  same c o n c e p t s  and  a s  L a i  (1 9 7 4 ,  p .x . iv )  h a s  p o i n t e d  o u t ,
' . . .  a n y  s u b s t a n t i v e  d i f f e r e n c e s  among t h e  a l t e r n a t i v e  p r o c e d u r e s  
a r e  i n  l a r g e  p a r t  d e p e n d e n t  u p o n  d i f f e r i n g  a s s u m p t i o n s  a b o u t  t h e  
r e l e v a n t  a s p e c t s  o f  t h e  e c o n o m ic  e n v i r o n m e n t  i n  w h ic h  t h e  i n v e s t m e n t  
d e c i s i o n s  a r e  b e i n g  m ade* .
3 . 1 . 2  The O r i g i n s  o f  Econom ic C o s t - B e n e f i t  A n a l y s i s
Econom ic c o s t - b e n e f i t  a n a l y s i s  h a s  i t s  o r i g i n  in  f i n a n ­
c i a l  a n a l y s i s .  A p r i v a t e  i n v e s t o r  c o n f r o n t e d  w i t h  t h e  c h o i c e  o f
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a l t e r n a t i v e  i n v e s t m e n t s  d e t e r m i n e s  t h e  p r o f i t a b i l i t y  o f  t h e  i n v e s t m e n t s .  
C o s t - b e n e f i t  a n a l y s i s  a s s e s s e s  t h e  b e n e f i t s  a n d  c o s t s  o f  a l t e r n a t i v e  
i n v e s t m e n t  p o s s i b i l i t i e s  an d  r e d u c e s  them t o  a common d e n o m i n a t o r .  The 
m e t h o d o l o g y  p r o v i d e s  a  s i m p l e  c r i t e r i o n  f o r  i n v e s t m e n t  d e c i s i o n s .  A 
p r o j e c t  i s  a c c e p t e d  i f  i t s  n e t  b e n e f i t s  e x c e e d  t h o s e  o f  t h e  n e x t  b e s t  
a l t e r n a t i v e  c o u r s e  o f  a c t i o n .  The d e f i n i t i o n  o f  c o s t s  an d  b e n e f i t s  i s  
s i m p l e  f o r  a  p r i v a t e  i n v e s t o r :  m o n e t a r y  e x p e n d i t u r e  i s  c o n s i d e r e d
a s  c o s t s  an d  income a s  a  b e n e f i t .  T h u s  f i n a n c i a l  a n a l y s i s  w h i c h ,  
a c c o r d i n g  t o  S q u i r e  and Van d e r  Tak (1975)  ' i d e n t i f i e s  t h e  money p r o f i t  
a c c r u i n g  t o  t h e  p r o j e c t - o p e r a t i n g  e n t i t y ' , p r o v i d e s  a p r i v a t e  e n t r e ­
p r e n e u r  w i t h  t h e  n e c e s s a r y  c r i t e r i o n  t o  c h o o s e  among a l t e r n a t i v e  
i n v e s t m e n t s .
Econom ic  c o s t - b e n e f i t  a n a l y s i s  d i f f e r s  f rom f i n a n c i a l  c o s t -  
b e n e f i t  a n a l y s i s  i n  so  f a r  a s  t h e  e f f e c t s  o f  t h e  p r o j e c t  a r e  n o t  
e v a l u a t e d  a c c o r d i n g  t o  t h e i r  p r o f i t a b i l i t y  t o  t h e  o p e r a t i n g  e n t i t y  
b u t  a c c o r d i n g  t o  t h e i r  i m p a c t  on t h e  s o c i e t y  a s  a w h o l e .
Th us  e c o n o m ic  c o s t - b e n e f i t  a n a l y s i s ,  s o m e t i m e s  r e f e r r e d  t o  
a s  s o c i a l  c o s t - b e n e f i t  a n a l y s i s  i n  t h e  l i t e r a t u r e ,  i s  s i m i l a r  i n  form 
t o  f i n a n c i a l  a n a l y s i s :  t h e y  b o t h  a s s e s s  t h e  p r o f i t  o f  a n  i n v e s t m e n t .
How ever ,  t h e y  d i f f e r  i n  w h a t  t h e y  c o n s i d e r  t o  be  c o s t  and w h a t  t h e y  
c o n s i d e r  t o  b e  a b e n e f i t ,  i . e .  t h e  c o n c e p t  o f  f i n a n c i a l  p r o f i t  i s  n o t  
t h e  same a s  ec onom ic  p r o f i t .  I f  p r i v a t e  b e n e f i t s  would  c o i n c i d e  w i t h  
e c o n o m ic  p r o f i t s ,  t h e r e  would  be  no n e e d  f o r  two d i s t i n c t  a n a l y s e s .  
How ever ,  f o r  t h a t  t o  b e  t h e  c a s e ,  a h o s t  o f  a s s u m p t i o n s  p r o p o s e d  by 
L i t t l e  and M i r r l e e s  (1 9 7 4 ,  p p . 1 9 -2 4 )  c o n c e r n i n g  f u l l  em p l o y m e n t ,  com­
p e t i t i o n ,  m a r g i n a l i t y ,  c o n s u m er  s o v e r e i g n t y ,  e x t e r n a l  e f f e c t s  and
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income distribution have to be fulfilled. Since these assumptions 
are normally not justified in developing countries, economic cost- 
benefit analysis adjusts the financial analysis by:
- including (excluding) some costs and benefits which 
have been excluded (included) in the financial analysis (c.g. transfer 
payments, contingencies, sunk costs, externalities, multiplier effects, 
efc.);
- revaluing certain inputs/outputs according to shadow 
prices reflecting their real cost-benefit rather than their market 
value, e.g. rather than using the market price of labour, economic 
cost-benefit would calculate the opportunity cost, i.e. the marginal 
output of labour foregone elsewhere because of its use in the project. 
Squire and Van der Tak (1975, pp.19-25) discuss these factors which 
have to be excluded/included in economic cost-benefit analysis com­
pared to financial analysis.
Thus traditional economic cost-benefit analysis has been 
evaluating projects according to a single objective, i.e. the increase 
of income to the society without giving sufficient attention to other 
social objectives a society may pursue. Most criticism against 
economic cost-benefit analysis is addressed to this type of analysis.
3.1.3 The Little and Mirrlees Approach'*'
The raison d'etre of the OECD method proposed by Little 
and Mirrlees lies in the use of accounting prices as better guides
1 Based on the writer's review of Little and Mirrlees (1974).
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t o  p r o j e c t  s e l e c t i o n  t h a n  a c t u a l  m a r k e t  p r i c e s .  They b a s e  p r o j e c t  
d e c i s i o n s  on t h e  s o c i a l  v a l u e  o f  a  p r o j e c t  a s  m e a s u r e d  by  a c c o u n t i n g  
p r i c e s .
L i t t l e  and M i r r l e e s  a r g u e  t h a t ,  i n  v i e w  o f  d i s t o r t i o n s  i n  
p r i c e s ,  a  p r o j e c t ' s  a n t i c i p a t e d  r e c e i p t s  and e x p e n d i t u r e s  c a n n o t  be  
r e l i e d  upon  t o  m e a s u r e  s o c i a l  b e n e f i t s  an d  c o s t s  i n  m o s t  d e v e l o p i n g  
c o u n t r i e s .  T h e r e f o r e ,  t h e r e  i s  a s t r o n g  c a s e  f o r  t h e  u s e  o f  c o s t -  
b e n e f i t  a n a l y s i s .  In  s u p p o r t i n g  t h e  b a s i c  i d e a  o f  e c o n o m ic  c o s t -  
b e n e f i t  a n a l y s i s ,  h o w e v e r ,  t h e y  s u g g e s t  t h a t  h y p o t h e t i c a l  r a t h e r  t i ia n  
p r e d i c t e d  a c t u a l  p r i c e s  m u s t  b e  a p p l i e d  when e v a l u a t i n g  a p r o j e c t .
The r a t e  o f  d i s c o u n t  may a l s o  n o t  c o r r e s p o n d  t o  a n y  a c t u a l  I n t e r e s t  
r a t e .  They a t t e s t  f u r t h e r  t h a t  ' t h e s e  "s l iadow p r i c e s " ,  a s  t h e y  a r e  
c a l l e d ,  a r e  c h o s e n  so a s  t o  r e f l e c t  b e t t e r  t h e  r e a l  c o s t s  o f  i n p u t s  t o  
s o c i e t y ,  an d  t h e  r e a l  b e n e f i t s  o f  o u t p u t s ,  t i i a n  do  a c t u a l  p r i c e s . '  
( L i t t l e  and M i r r l e e s  1 9 7 4 ,  p . 3 6 ) .  Some o f  t h e  shadow p r i c e s  a r e ,  f o r  
e x a m p l e ,  t h a t  o f  f o r e i g n  ex c l i ange and u n s k i l l e d  l a b o u r .
L i t t l e  and  M i r r l e e s  c o n c e d e  t h a t  shadow p r i c e s  c a n n o t  be 
e x a c t  r e f l e c t i o n s  o f  s o c i a l  c o s t s  and b e n e f i t s  b u t  a r e  much b e t t e r  
a p p r o x i m a t i o n s  o f  a c t u a l  p r i c e s  f o r  many p r o j e c t s  i n  many c o u n t r i e s .  
They a l s o  do  n o t  c l a i m  t h a t ,  ' t h e  u s e  o f  a c c o u n t i n g  p r i c e s  i s  a  v e r y  
s a t i s f a c t o r y  m e th o d  o f  d e a l i n g  w i t h  d i s t o r t i o n s  i n  p r i c e s .  Many o f  
t h e  d i s t o r t i o n s  c a n  be  f u l l y  d e a l t  w i t h  o n l y  by  r e m o v i n g  them  -  t h a t  
i s ,  by  a d o p t i n g  p o l i c i e s  w h i c h  l e a d  t o  p r o p e r  c o r r e s p o n d e n c e  o f  p r i c e s  
an d  c o s t s  an d  b e n e f i t s '  ( L i t t l e  an d  M i r r l e e s  1 9 7 4 ,  p . 3 7 ) .
The n u m e r a i r e  i n  t h e  L i t t l e  an d  M i r r l e e s  a p p r o a c h  i s  w o r l d  
m a r k e t  p r i c e ,  an d  t h e  c o m p o n e n t s  o f  a  p r o j e c t  a r e  d i v i d e d  i n t o
t h r e e  c a t e g o r i e s :
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(1) Traded Goods and Services
(a) Goods which are actually exported or imported (or 
their close substitutes actually exported or imported);
(b) Goods that could bo exported or imported had the 
country followed policies that would have resulted 
in optimum industrial development.
(2) Non-traded goods and services.
(3) Unskilled labour.
3.1.4 The UNIDO Method1
The UNIDO (United Nations Industrial Development 
Organisation) guidelines for project evaluation proposed by Dasgupta, 
Marglin and Sen, like the Little and Mirrlces approach, are concerned 
with the use of cost-benefit analysis which expresses a social inventory 
in industrial projects' evaluation. However, it is felt that some of 
the basic issues would be relevant to the valuation of agricultural 
projects.
In the UNIDO approach of economic cost-benefit analysis, 
the numeraire is present aggregate consumption, that is, all items 
involved in a project are valued in terms of present aggregate con­
sumption, which is sought to be maximised.
The basic feature involved in calculating the aggregate 
consumption benefits of a project is to measure the consumers'
1 Based on the writer's review of Dasgupta, Sen and Marglin (1972).
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willingness to pay for the 'net output' of the project. By net out­
put of a project is meant the goods and services made available to 
the economy which would not have been available in the absence of the 
projecl. By the same loken, 'costs' involved in a given project are 
measured by the maximum alternative benefits foregone as a result of 
using resources and services in this project.
Viewing it this way, the components of a given project; are 
divided into the following broad categories (Dasgupta 1972):
(1) Direct present benefits
(a) Consumer goods
(b) Producer goods
(2) Direct present costs
(a) Producer goods
(b) Foreign exchange
■ (3) Indirect future benefits and costs,
e.g. unskilled labour.
3.1.5 The Squire/Van der Tak Approach^
Squire and Van der Tak subscribe to the main principles 
of the cost-benefit approach for economic analysis of projects. 
However, they propose that 'in assessing the merits of different 
projects, the objectives of any particular society clearly must be 
taken into account. That is, project costs and benefits must be 
measured against the extent to which they detract from, or contribute 
to, achievement of that society's objectives' (Squire and Van der Tak
1 Based on the writer's review of Squire and Van dor Tak (1975).
1 9 7 5 ) .  They d e f i n e  two b a s i c  o b j e c t i v e  c h a r a c t e r i s t i c s  o f  a l l  
c o u n t r i e s ,  v i z .  t o  i n c r e a s e  t o t a l  n a t i o n a l  in co m e ,  t h e  g r o w th  
o b j e c t i v e ,  an d  t o  im p ro v e  t h e  d i s t r i b u t i o n  o f  n a t i o n a l  in c o m e ,  t h e  
e q u i t y  o b j e c t i v e .
G e n e r a l l y ,  t h e y  a s s e r t  t h a t  p r o j e c t s  s h o u ld  b e  a s s e s s e d  
i n  r e l a t i o n  t o  t h e i r  n e t  c o n t r i b u t i o n  t o  b o t h  o f  t h e s e  o b j e c t i v e s ,  
b u t  t h i s  h a s  n o t  a lw a y s  boon t h e  p r a c t i c e  o f  t h e  W orld h an k  o r  o f  
o t h e r  l e n d i n g  i n s t i t u t i o n s .
The m e th o d o lo g y  o u t l i n e d  i n  t h e  S q u i r e  and  Van d e r  Tak 
a p p r o a c h  d e v i a t e s  i n  some e s s e n t i a l  r e s p e c t s  f rom  t r a d i t i o n a l  
a n a l y t i c a l  p r a c t i c e .  I n  p a r t i c u l a r ,  t h e y  recommend a  m o re  s y s t e m a t i c  
an d  c o n s i s t e n t  e s t i m a t i o n  and  a p p l i c a t i o n  o f  shadow  p r i c e s  t h a n  h a s  
b e e n  d o n e  i n  t h e  p a s t .  A g a in ,  i n  c o n t r a s t  t o  p a s t  p r a c t i c e ,  t h e y  
f a v o u r  t h e  c a l c u l a t i o n  o f  r a t e s  o f  r e t u r n  t h a t  t a k e  e x p l i c i t  a c c o u n t  
o f  t h e  i m p a c t  o f  t h e  p r o j e c t  on  t h e  d i s t r i b u t i o n  o f  in c o m e ,  b o t h  
b e tw e e n  i n v e s t m e n t s  and  c o n s u m p t io n  and  b e tw e e n  r i c h  and  p o o r .
The a u t h o r s  recommend t h a t  a s  a n u m 6 r a i r e ,  o r  u n i t  o f  
a c c o u n t ,  t h e  v a l u e  o f  r e a l  r e s o u r c e s  t h a t  a r e  f r e e l y  a v a i l a b l e  t o  t h e  
p u b l i c  s e c t o r  b e  u s e d ,  o r  p u t  m ore  s i m p l y ,  t h a t  t h e  n u m e r a i r e  be 
p u b l i c  in c o m e .  They d e f i n e  t h e i r  n u m e r a i r e  a s  'u n c o m m i t t e d  p u b l i c  
incom e m e a s u re d  i n  c o n v e r t i b l e  c u r r e n c y ' , w h ic h  t h e y  r e f e r  t o  a s  
' f r e e  f o r e i g n  e x c h a n g e ' .  They u s e  a  s e r i e s  o f  w e i g h t s  t o  c o n v e r t  
v a l u e s  o f ,  f o r  i n s t a n c e ,  i n c r e a s e  i n  p u b l i c  c o n s u m p t i o n ,  i n t o  t h e
n u m e r a i r e .
3.1.6 The World Bank Method
The method used by the World Bank, like the UNIDO method, 
adopts the domestic price as the num6raire. Here, non-traded qoods 
are expressed in terms of domestic prices, therefore the prices of 
imports and exports have to be adjusted to the domestic price level.
(which is usually higher). Higher domestic price levels lead to . 
higher net present worth when the domestic price numeraire is used.
3.2 The Difficulties of Economic Cost-Benefit Analysis
3.2.1 The Definition of Equilibrium Prices
According to Squire and Van der Tak (1975, p.26), shadow 
prices are no longer defined as the equilibrium prices that would 
prevail in a distortion-free economy. They 'are determined by the 
interaction of the fundamental policy objectives and the basic resource 
availabilities' (Squire and Van der Tak 1975, p.16). Thus the calcu­
lation of shadow prices, as seen by Imboden (1978), implies that there 
exists an intrinsic value for inputs and outputs (for a given welfare 
function and resource basis) and that this intrinsic value can be 
determined. Some authors'*’ contest the existence of such intrinsic 
values, or if they accept their existence, consider that it is impossible 
to determine those values with any precision.
1 See, in particular, Charles Prou, 1973, p.6.
so
3.2.2 The Definition of Welfare Function
The process of shadow pricing presupposes 'a well defined 
social welfare function, expressed as a mathematical statement of the 
country's objectives ...' (Squire and Van der Tak 1975, p.49; Little 
and Mirrlees 1974, p.89). However, Imbodcn (1978, p.36) argues that, 
'there exists no objective development function: objectives and their
relative weights cannot be determined objectively. The definition of 
a welfare function thus depends on the characteristics of those making 
the valuation. There exists, therefore, not one welfare function, but 
as many as there are different value sets present in the society. 
Since shadow prices used in social cost-benefit analysis depend on 
the welfare function chosen, there are as many shadow prices as there 
are value sets represented in the society. Therefore, a social cost- 
benefit analysis does not provide an unambiguous, unique criterion 
for project appraisal'.
The exactitude of the shadow prices depends on how well 
the economist translated the subjective welfare function of the 
decision-makers. On the other hand, the decision-maker can only 
appreciate the value of the economic cost-benefit analysis if he 
understands the different factors that have been taken into account 
in calculating the various costs and benefits. Economic cost-benefit 
analysis, therefore, requests a close dialogue between decision­
makers and economists. The inclusion of different objectives into 
one figure, however, does not facilitate this dialogue. The shadow 
wage rate, for example, includes, in one figure, four different
values: the economic efficiency cost (opportunity cost of labour),
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t h e  v a l u a t i o n  o f  l e i s u r e  ( r e s e r v a t i o n  w a g e ) , t h e  v a l u a t i o n  o f  a d d i ­
t i o n a l  p r e s e n t  c o n s u m p t i o n  c o m p ar ed  w i t h  f u t u r e  c o n s u m p t i o n  ( i n t e r ­
t e m p o r a l  d i s t r i b u t i o n )  and t h e  v a l u a t i o n  o f  a d d i t i o n a l  c o n s u m p t i o n  
a c c o r d i n g  t o  t h e  a g e n t  who r e c e i v e s  i t  ( i n t e r - p e r s o n a l  d i s t r i b u t i o n ) .
3 . 2 . 3  The D e t e r m i n a t i o n  o f  t h e  E f f e c t s  o f  a  P r o j e c t
B e f o r e  p u t t i n g  a v a l u e  on c o s t s  and b e n e f i t s  o f  a p r o j e c t ,  
we h a v e  t o  i d e n t i f y  t h e  e f f e c t s  t h e  p r o j e c t  h a s  on i t s  e n v i r o n m e n t :
' I n  o r d e r  t o  a f f i x  d o l l a r  v a l u e s  t o  t h e  b e n e f i t s  o f  a p ro g ram m e ,  
f i r s t  t h e r e  h a s  t o  be  some e v a l u a t i v e  e v i d e n c e  o f  w h a t  k i n d s  and how 
much b e n e f i t  t h e r e  h a s  b e e n  ' (Weis s  1 972 ,  p . 8 4 ) . How much t i m e  one 
s p e n d s  on  t h e  i d e n t i f i c a t i o n  o f  e f f e c t s  co m pared  w i t h  t h e i r  v a l u a t i o n  
d e p e n d s  on  w h a t  we know a b o u t  t h e  p o t e n t i a l  e f f e c t s .  P u t t i n g  h i g h  
e m p h a s i s  on  v a l u a t i n g  t h e  c o n t r i b u t i o n  o f  a  p r o j e c t  t o  a c o u n t r y ' s  
s o c i o - e c o n o m i c  d e v e l o p m e n t  o b j e c t i v e s ,  a c c o r d i n g  t o  Imboden ( 1 9 7 8 ,  
p . 3 8 )  ' i s  j u s t i f i e d  i f  we c a n  p r e d i c t  t h o s e  c o n t r i b u t i o n s  w i t h  a 
r e a s o n a b l e  d e g r e e  o f  a c c u r a c y .  I f  t h e  e f f e c t s  o f  a p r o j e c t  c a n n o t  be  
p r e d i c t e d  w i t h  c o n f i d e n c e  -  w h i c h  i s  o f t e n  t h e  c a s e  w i t h  s o - c a l l e d  
s o c i a l  p r o j e c t s  -  t h e  e m p h a s i s  h a s  t o  b e  s h i f t e d  f rom t h e  v a l u a t i o n  
o f  e f f e c t s  t o  t h e i r  i d e n t i f i c a t i o n .  I n  s u c h  c a s e s ,  s o c i a l  c o s t - b e n e f i t  
a n a l y s i s ,  w h i c h  a s s u m e s  t h a t  t h e  e f f e c t s  o f  a p r o j e c t  h av e  b e e n  i d e n ­
t i f i e d ,  may be  o f  l i t t l e  i n t e r e s t . ' .
3 . 3  A C r i t i q u e  o f  t h e  E x i s t i n g  M e t h o d o l o g i e s
3 . 3 . 1  D i s a g r e e m e n t  w i t h  t h e  B a s i c  P h i l o s o p h y  o f  
t h e  M e t h o d o l o g i e s  P r o p o s e d
The a d m i n i s t r a t o r s  i n  d e v e l o p i n g  c o u n t r i e s  o f t e n  f e e l  t h a t  
t h e  s p e c i f i c  m an ag em en t  m e t h o d s  p r o p o s e d  do n o t  t a k e  i n t o  a c c o u n t
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s u f f i c i e n t l y  t h e i r  own o b j e c t i v e s .  T hey  f e e l  t h a t  many o f  t h e  u n d e r ­
l y i n g  a s s u m p t i o n s  o f  s p e c i f i c  m e t h o d o l o g i e s  h a v e  b e e n  d e r i v e d  from  a 
t r a d i t i o n a l  w e s t e r n  a p p r o a c h  an d  a r e  n o t  j u s t i f i e d  i n  t h e  d e v e l o p i n g  
cou 11 I r y  e 1 vv i r o  1 mien L.
3 . 3 . 2  D i s a g r e e m e n t  A bout t h e  U s e f u l n e s s  o f  t h e  
M e t h o d o l o g i e s  P ro p o s e d
D e v e lo p in g  a d m i n i s t r a t i o n s  a r e  o f t e n  rvot c o n v in c e d  t h a t  
t h e  p r o p o s e d  a n a l y t i c a l  m e th o d s  l e a d  t o  b e t t e r  d e c i s i o n - m a k i n g  and  
m an ag e m en t .  They  o f t e n  c o n s i d e r  a p p r a i s a l  m e th o d s  a s  window d r e s s i n g  
t o  make p r e d e t e r m i n e d  d e c i s i o n s  a c c e p t a b l e  t o  some f o r e i g n  d o n o r ,  and  
p r o p o s e d  m o n i t o r i n g  s y s t e m s  a s  a m eans  o f  h id d e n  c o n t r o l s  im posed  by 
f o r e i g n  i n t e r e s t  g r o u p s .  S i n c e  m an ag em en t s y s t e m s  a r e  m o s t l y  p r o p o s e d  
and o f t e n  im p o sed  by f o r e i g n  d o n o r s ,  t h e y  a r e  c o n s i d e r e d  a s  j u s t  a n o t h e r  
m eans  o f  c o n t r o l  u s e d  b y  f o r e i g n  p o w e r s .
3 . 3 . 3  D i s a g r e e m e n t  A bout t h e  A p p l i c a b i l i t y  o f  t h e  
M e t h o d o l o g i e s
I t  i s  c o n t e n d e d  t h a t  m o s t  m e t h o d o l o g i e s  p r o p o s e d  a r e  n o t  
t a k i n g  i n t o  a c c o u n t  t h e  i n s t i t u t i o n a l  and  o r g a n i s a t i o n a l  a s p e c t s  o f  
t h e  c o u n t r i e s  c o n c e r n e d  and  o f t e n  m i s ju d g e  t h e  d e c i s i o n - m a k i n g  s t r u c t u r e .  
The m e th o d s  a r e  a n a l y t i c a l l y  co m p lex  and  a r e  t o o  d em an d in g  i n  t e r m s  o f  
d a t a  an d  p l a n n i n g  c a p a c i t y .  T hey  do  n o t  t a k e  i n t o  a c c o u n t  t h e  
r e a l i t i e s  o f  s t a f f i n g ,  t im e  p r e s s u r e  and  d a t a  a v a i l a b i l i t y  i n  d e v e l o p i n g
c o u n t r i e s .
3.3.4 Disagreement About the Questions Addressed 
by the Proposed Methodologies
According to developing country administrators, the pro­
posed methodologies put too much emphasis on predicting the effects 
of projects and not enough on the problems of execution and imple­
mentation. Moreover, the proposed methodologies concentrate on choices 
among alternative actions, while developing countries' major concern 
is to identify those actions. The methodologies attempt to identify 
optimal solutions to given problems, while developing country adminis­
trations are concerned with identifying problems and finding satis­
fying solutions to them.
All these criticisms concern the guestions addressed by 
the proposed analytical systems and the lack of adaptation of the
methodologies proposed to the real world situation.
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CHAPTER 4
SUGGESTED IMPROVEMENTS IN PROJECT PLANNING AND MANAGEMENT
In  t h e  p r e v i o u s  c h a p t e r ,  a r e v i e w  was made o f  t h e  e x i s t i n g  
m e t h o d o l o g i e s  i n  p r o j e c t  e v a l u a t i o n .  I n  t h e  f o l l o w i n g  c h a p t e r ,  
s u g g e s t i o n s  f o r  i m p r o v i n g  p r o j e c t  p l a n n i n g  and m an ag em en t  in  t h e  ADB 
a r e  d i s c u s s e d .  The s t a g e s  c o v e r e d  i n c l u d e  p r o j e c t  i d e n t i f i c a t i o n  and 
s e l e c t i o n ,  p r o j e c t  f o r m u l a t i o n  an d  i m p l e m e n t a t i o n  p r o c e d u r e s .
4 . 1  I m p r o v i n g  P r o j e c t  I d e n t i f i c a t i o n  an d  S e l e c t i o n
Economic  an d  s o c i a l  d e v e l o p m e n t  a r e  l o n g  t e r m  p r o c e s s e s  
i n v o l v i n g  many a c t i v i t i e s  on a w ide  f r o n t .  The c h o i c e  o f  p r o j e c t s  
i n  t h i s  p r o c e s s  i s  o f  s t r a t e g i c  i m p o r t a n c e  i n  t h a t ,  i f  t h e  s e l e c t i o n  
i s  g o o d ,  t h e  momentum o f  d e v e l o p m e n t  c a n  i n c r e a s e  r a p i d l y .  On t h e  
o t h e r  h a n d ,  i f  t h e  s e l e c t i o n  i s  p o o r ,  t h e  . g ro w th  o f  t h e  economy w i l l  
r e m a i n  s l o w ,  and a d d i t i o n a l  d e v e l o p m e n t  e f f o r t s  may be  s e v e r e l y  
h a n d i c a p p e d .  A p r e - c o n d i t i o n  f o r  r a p i d  d e v e l o p m e n t  i s  t h e  a c h i e v e ­
m e n t  o f  g r e a t e r  e f f i c i e n c y  i n  t h e  u s e  o f  r e s o u r c e s .  T h i s  i s  
e s p e c i a l l y  i m p o r t a n t  i n  Ghana and o t h e r  d e v e l o p i n g  c o u n t r i e s  wh ere  
c r i t i c a l  r e s o u r c e s  a r e  i n  s h o r t  s u p p l y  an d  wh ere  t h e  n ee d  f o r  
a c c e l e r a t e d  d e v e l o p m e n t  an d  s t r u c t u r a l  c h a n g e s  i s  m o s t  u r g e n t .  Con­
s e q u e n t l y ,  i n  e a c h  s e c t o r ,  p r i o r i t y  s h o u l d  be  g i v e n  t o  t h o s e  p r o j e c t s  
w h i c h  c a n  u t i l i s e  e x i s t i n g  and new r e s o u r c e s  more  e f f i c i e n t l y  and 
w h i c h  c a n  h av e  t h e  maximum c a t a l y t i c  e f f e c t  i n  p r o m o t i n g  f u r t h e r  
d e v e l o p m e n t .  A c a r e f u l  a p p r o a c h  t o  p r o j e c t  a n a l y s i s  m akes  i t  
p o s s i b l e  t o  i d e n t i f y  s u c h  p r o m i s i n g  o p p o r t u n i t i e s  f o r  d e v e l o p m e n t
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and to exerc ise  r a t i o n a l  choices among a l t e r n a t iv e s .  Hence the need 
for  improved methods of p r o j e c t  i d e n t i f i c a t i o n ,  se lec t io n ,  formulation 
and ap p ra i sa l .
Good id e n t i f i c a t i o n  ensures tha t  the p ro je c t  selec ted 
w i l l  serve the needs of the economy, tha t  il i s  of high p r i o r i t y  and 
c o n s i s t e n t  with the development t a rg e t s  of the sector concerned and 
th a t  i t  ranks high among competing a l t e rn a t iv e s . .
From the p o in t  of view of p ro je c t  id e n t i f i c a t i o n  and 
se le c t io n ,  the c r i t e r i o n  of explo i t ing  the most promising areas of 
the economy implies the observance of a t  l e a s t  four card inal  condi­
t io n s  suggested by the FAO (1971). P ro jec ts  should:
(1) be subjected to a r igorous  examination to 
ensure t h e i r  p r i o r i t y  for the economy and 
e s p e c i a l ly  for the sec tor  to which they 
are r e la te d ;
(2) n e u t r a l i s e  or minimise the in h ib i t ing  
e f f e c t s  of the c o n s t r a i n t s  facing the 
development of the sec tor  or sub-sector ;
(3) make the optimum use of scarce f a c to r s  in 
the economy; and
(4) y ie ld  a high r a t e  of economic re tu rn  to 
the socie ty .
In the i d e n t i f i c a t i o n  and se lec t ion  of a g r i c u l tu r a l  p ro ­
duction p ro je c ts ,  the major s teps  to be considered are :  the economic
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setting of the country and the role of agriculture; constraints 
facing overall and agricultural development; selection of agricul­
tural priority sectors; the identification of the project; the 
choice of alternatives and selection; and, finally, a brief summary 
of the project itself.
Of course the Ghana National Development Plan is supposed 
l.o have nor tod out; nil those preparatory slops necessary for the 
identification of potential investment proposals. However, lack of 
proper co-ordination of certain activities, as pointed out earlier, en­
joins the project planner of the ADB and allied institutions to look 
more seriously into them.
4.1.1 Economic Setting of the Country and the 
Role of Agriculture
Every investment pro{X>sal put forward for consideration 
should be capable of making a contribution to the socio-economic 
betterment of the country; otherwise its purpose will remain in doubt 
and there will be less justification for allocating scarce resources 
for its implementation. Therefore, prior to the formulation of a 
specific investment proposal, a sound diagnosis of the country's 
economy lias to be made, including a thorough analysis of the agri­
cultural sector and its potential contribution to the future growth 
of the economy. Such a diagnosis, if undertaken with care, will 
reveal the constraints on the economy and the agricultural sector 
and will single out those segments of agriculture which are capable 
of rapid development through additional investment. Thus, the purpose 
of the analysis is to gain a better understanding of the agricultural
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s e c t o r  w i t h  a v i e w  to  i d e n t i f y i n g  t h e  m os t  reward ing i n v e s t m e n t  
p r o p o s a l s .
Tn fi le a g r i c u l t u r a l  s e c t o r ,  the  d i a g n o s i s  w i l l  i n c l u d e  
t h e  s t u d y  o f  t r e n d s  in a g r i c u l t u r a l  p r o d u c t i o n ,  y i e l d s  o f  c r o p s  and 
l i v e s t o c k  and p r o d u c t s ,  farm p r i c e s  and income,  c h a n g e s  in the  s u p p l y  
o f  a g r i c u l t u r a l  r e q u i s i t e s  ( f e r t i l i s e r s ,  m a c h i n e r y ,  e t c . )  and t h e  
b e h a v i o u r  o f  a g r i c u l t u r a l  e x p o r t s  and im p o r t s .  ft would a l s o  i n c l u d e  
a r e v i e w  o f  t h e  a g r i c u l t u r a l  r e s o u r c e s  ( l a n d ,  f o r e s t r y ,  f i s h e r i e s  
and w ate r  su p p ly )  and e x p l a i n  any new ly  d i s c o v e r e d  r e s o u r c e s  wh ich  
m i g h t  a f f e c t  t h e  f u t u r e  p r o d u c t i v e  c a p a c i t y .
The FAO ( 1 9 7 1 ,  p . 8 )  s u g g e s t s  t h a t  th e  b e s t  way o f  u n d e r ­
t a k i n g  such  a d i a g n o s i s  i s  t o  p r e p a r e  a compendium o f  e s s e n t i a l  
s t a t i s t i c s  f o r  t h e  economy and t h e  a g r i c u l t u r a l  s e c t o r ,  i n c l u d i n g  
an a n a l y t i c a l  p r e s e n t a t i o n  o f  t h e  s t r u c t u r a l  i n d i c a t o r s  o f  th e  
economy and t h e  a g r i c u l t u r a l  s e c t o r ,  w i t h  p a r t i c u l a r  em p h a s i s  on 
t h e  i n t e r - r e l a t i o n s h i p  between t h e  two. O b v i o u s l y ,  th e  d e p t h  o f  
t h e  e x e r c i s e  w i l l  depend on th e  a v a i l a b i l i t y  o f  d a ta  and v i t a l  
s t a t i s t i c  s .
4 . 1 . 2  C o n s t r a i n t s  F a c in g  O v e r a l l  and A g r i c u l t u r a l  
D evelopm en t
From t h e  a n a l y s i s  o f  t h e  economy and t h e  a g r i c u l t u r a l  
s e c t o r ,  i t  sh o u ld  be p o s s i b l e  t o  s i n g l e  o u t  t h e  major c o n s t r a i n t s  
w h ich  a r e  l i k e l y  t o  a f f e c t ,  i n  one form or a n o t h e r ,  th e  f o r m u l a t i o n  
and i m p l e m e n t a t io n  o f  a g r i c u l t u r a l  p r o d u c t i o n  p r o j e c t s .  The u n d e r ­
s t a n d i n g  o f  c o n s t r a i n t s  i s  v i t a l  f o r  p r o j e c t  i d e n t i f i c a t i o n  and
s e l e c t i o n  a s  l. lu;y L'ocua a t  Lon Lion on the  s c a r c i t i e s  o f  p h y s i c a l  and 
f i n a n c i a l  r e s o u r c e s  and h i g h l i g h t  v a r i o u s  i n s t i t u t i o n a l  and p o l i c y  
s h o r t c o m i n g s  which need t o  be c a r e f u l l y  c o n s i d e r e d  in the s e l e c t i o n  
and p r e p a r a t i o n  oJ p r o j e c t s .  Ul c o u r s e ,  It i s  not n e c e s s a r y  t o  List  
a l l  the  c o n s t r a i n t s ;  one need o n l y  m ent io n  t h o s e  wh ich  a r e  l i k e l y  
to  p ro v e  c r i t i c a l  in  the  c o n s t r u e t i o h  a n d /o r  o p e r a t i o n a l  p ha se  o f  
i n v e s t m e n t  p r o p o s a l s .  I t  i s  a d v i s a b l e  t o  r e v i e w  t h e  c r i t i c a l  c o n ­
s t r a i n t s  in  a t im e p e r s p e c t i v e ,  a s  t h e y  a r e  l i k e l y  t o  change in  the  
c o u r s e  o f  p r o j e c t  i m p l e m e n t a t i o n ,  and t o  i n d i c a t e  the  e x t e n t  t o  
which  t h e y  c o u l d  i n h i b i t ,  i n d i v i d u a l l y  and c o l l e c t i v e l y ,  t h e  p r o g r e s s  
o f  t h e  p r o j e c t  a t  v a r i o u s  s t a g e s .  For c o n v e n i e n c e ,  th e  v a r i o u s  c o n ­
s t r a i n t s  can be grouped  i n t o  fo u r  s e p a r a t e  c a t e g o r i e s :
(a) R esou rce
(b) I n f r a s t r u c t u r e
(c) I n s t i t u t i o n a l  and P o l i c y
(d) T e c h n i c a l
(a) R e so u rc e  C o n s t r a i n t s
These  i n c l u d e  t h e  l i m i t a t i o n s  on a g r i c u l t u r e  such a s  th e  
s h o r t a g e  f o r  good a r a b l e  l a n d ,  s o i l  d e f i c i e n c y ,  in a d e q u a t e  r a i n f a l l ,  
l a c k  o f  i r r i g a t i o n  w ate r  a t  c r i t i c a l  p e r i o d s  and s h o r t a g e  o f  l a b o u r  
a t  peak s e a s o n s .  The mos t  i m p o r ta n t  r e s o u r c e  c o n s t r a i n t s  may o f t e n  
be t h e  s h o r t a g e s  o f  f o r e i g n  exchan ge  and s k i l l e d  l a b o u r .  Any g o v e r n ­
ment p o l i c i e s  r e l a t e d  t o  t h e  a m e l i o r a t i o n  o f  t h e s e  two c r i t i c a l
f a c t o r s  s hould  be s t u d i e d  in d e p t h .
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(b) I n f r a s t r u c t u r e  C o n s t r a i n t s
These  w i l l  i n c l u d e  t h e  l i m i t a t i o n s  and d e f e c t s  in  th e  
e x i s t i n q  p r o d u c t i v e  f a c i l i t i e s ,  e . q .  w ate r  s t r u c t u r e s ,  farm b u i l d i n g ,  
s t o r a g e ,  w o r ksh o ps ,  t r a n s p o r t  f a c i l i t i e s  (main and f e e d e r  r o a d s ,  r a i l ­
ways  and w a t e r w a y s ) ,  power,  and f a c i l i t i e s  r e l a t e d  t o  m a r k e t in g  and 
p r o c e s s i n g .
(c) I n s t i t u t i o n a l  and P o l i c y  C o n s t r a i n t s
These  w i l l  i n c l u d e  t h e  main d e f e c t s  in the  a g r a r i a n  s e t t i n g  
such  a s  l a n d  t e n u r e ,  t e n a n c y  c o n d i t i o n s  and land f r a g m e n t a t i o n  and 
t h e  l a c k  o f  r e c e p t i v i t y  o f  t h e  f a r m e r / f arm ers t o  v a r i o u s  t e c h n o l o g i c a l  
and o r g a n i s a t i o n a l  c h a n g e s  and imp rovements .  The c o n s t r a i n t s  on 
demand a r i s i n g  from l a r g e  d i s p a r i t i e s  in  income d i s t r i b u t i o n  w i l l  a l s o  
be h i g h l i g h t e d .  Most im p o r t a n t  o f  a l l  w i l l  be t h e  s h o r t c o m i n g s  in  
a g r i c u l t u r a l  p o l i c i e s ,  governm en t  s e r v i c e s  ( e x t e n s i o n  and o t h e r  t e c h n i ­
c a l  s e r v i c e s ) ,  l a c k  o f  i n t e r - d e p a r t m e n t a 1 c o - o r d i n a t i o n ,  w e a k n e s s e s  in  
farm o r g a n i s a t i o n  and t h e  m a n a g e r i a l  a b i l i t y  o f  p r o d u c e r s .
(d) T e c h n i c a l  C o n s t r a i n t s
These  w i l l  c o v e r  a v a r i e t y  o f  t e c h n i c a l  w e a k n e s s e s  a f f e c t i n g  
farm p r o d u c t i o n  and p r o d u c t i v i t y ,  e . g .  s o i l  e r o s i o n ,  s a l i n i t y ,  d e f e c t i v e  
p r o d u c t i v e  p r a c t i c e s  and land  u s e  p a t t e r n s ,  i n a b i l i t y  t o  o r g a n i s e  and 
c o n d u c t  r e s e a r c h ,  l a c k  o f  d i s e a s e  and p e s t  c o n t r o l  p r a c t i c e s ,  e t c .
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4 . 1 . 3  S e l e c t i o n  o f  A g r i c u l t u r a l  P r i o r i t y  S e c t o r s
The a s s e s s m e n t  o f  a g r i c u l t u r a l  d e v e l o p m e n t  p r i o r i t i e s  
r e l a t e d  t o  t h e  t e c h n i c a l ,  e c onom ic  and i n s t i t u t i o n a l  a s p e c t s  o f  
a g r i c u l t u r e  w i l l  p a v e  t h e  way f o r  s p e c i f i c  i n v e s t m e n t  o p p o r t u n i t i e s  
i n  t h e  v a r i o u s  s u b - s e c t o r s  o f  a g r i c u l t u r e  and in  d i f f e r e n t  r e g i o n s  o f  
t h e  c o u n t r y .
F o r  t h e  p u r p o s e  o f  p r o j e c t  i d e n t i f i c a t i o n ,  t h e  v a r i o u s  
a g r i c u l t u r a l  p r i o r i t i e s  a r e  t r a n s l a t e d  i n t o  s p e c i f i c  d e v e l o p m e n t  
o p p o r t u n i t i e s  a s  l i s t e d  b e l o w :
(1) S e l e c t i o n  o f  a g r i c u l t u r a l  c o m m o d i t i e s  w h ich  a r e  
i n  g r e a t  demand o r  t h o s e  w h i c h  a r c  i n  s h o r t  s u p p l y ;  s e l e c t i o n  o f  
p r o m i s i n g  r e g i o n s  w he re  e x p a n s i o n  in  o u t p u t  c a n  be  e f f e c t e d  in t h e  
s h o r t e s t  t i m e  p o s s i b l e  and a t  minimum c o s t ;
(2) i d e n t i f i c a t i o n  o f  a r e a s  w he re  e x p a n s i o n  in  p r o d u c t i v e  
c a p a c i t y  i s  m o s t  u r g e n t l y  n e e d e d ,  e . g .  i r r i g a t i o n ,  l a n d  r e c l a m a t i o n ,  e t c
(3) s e l e c t i o n  o f  s u b - s e c t o r s  an d  r e g i o n s  w h e re  c e r t a i n  
t e c h n i c a l  m e a s u r e s  c o u l d  have t h e  maximum i m p a c t  on o u t p u t  in  t h e  
s h o r t e s t  t i m e  p o s s i b l e ,  e . g .  new v a r i e t i e s ,  im pro ved  c u l t u r a l  p r a c t i c e s ,  
c r o p  d i v e r s i f i c a t i o n ,  im p r o v e m e n t  i n  e x t e n s i o n  s e r v i c e s  and f a r m e r s '  
t r a i n i n g ;
(4) i d e n t i f i c a t i o n  o f  s u b - s e c t o r s  and r e g i o n s  i n  w h i c h  
p r o d u c t i o n  c a n  be  i n c r e a s e d  t h r o u g h  t h e  u s e  o f  a d d i t i o n a l  p u r c h a s e d
i n p u t s  o r  t h r o u g h  t h e  r a t i o n a l  u s e  o f  e x i s t i n g  f a r m  c a p i t a l  and l a b o u r ;
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(5) selection of sub-sectors and regions where various 
economic measures could yield rewarding results in terms of production 
and productivity, e.g. price incentives, subsidies and expansion in 
farm credit;
(6) identification of regions in which institutional 
measures could quickly benefit farm production and income, e.g. 
reform of land tenure system, creation of co-operatives and the 
strengthening of public services assisting the rural sector;
(7) selection of agricultural regions suffering from low 
income, greater unemployment or underemployment and suggested remedies 
for improvement;
(8) selection of crops and livestock products ‘with 
encouraging prospects for processing and export;
(9) identification of development opportunities arising 
from newly discovered resources, e.g. groundwater;
(10) identification of sub-sectors and regions in which 
development prospects can be improved by undertaking resource surveys 
and feasibility studies.
Finally, it should be borne in mind that one potential 
source in the identification of production projects is the farming 
community itself. Through their intimate knowledge of agriculture, 
the farmers and their prospective organisations are sometimes well- 
equipped to come up with sound investment proposals. Consequently, 
it is necessary for public agencies and project identification teams 
to solicit the views of farmers and their associations.
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An investment proposal is unlikely to be conceived in 
only one form: in many cases, there will be alternative ways for
its planning and implementation. One essential aspect of project 
identification is to examine the technical and economic merits of 
various alternatives for an investment proposal and to select the one 
which, on balance, is best suited to the needs and conditions of 
the country. This implies a comparison among alternatives which may 
or may not be compatible with one another.
There are no hard and fast rules for choosing among altcr-
i
natives. It is a painstaking process requiring a persistent effort 
in weighing the merits of one proposal against another. The process 
invariably involves making choices related to products, production 
processes, technology, scale, location, costs and returns, time of 
completion, etc. The alternatives are then ranked to help select 
the one which, on balance, is likely to prove the most favourable.
In brief, one is forced by circumstances to undertake a preliminary 
feasibility analysis of various alternatives. In order to antici­
pate some of the major points which influence the final choice, the 
various alternatives for a single proposal can be subjected to a series 
of preliminary tests related to their technical, financial, economic 
and management feasibility as recommended by the FAO (1971, p.ll), i.e.:
(1) From the technical point of view, which of the 
alternatives has:
(a) the fewest technical complications;
(b) the greatest chance of acceptability by farmers;
(c) the greatest adaptability to factor endowment
in the country.
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(2) From t h e  f i iujik: la 1 | > c j  j n l o f  v i rw,  w h ic h  o f  t h e  
a l t e r n a t i v e s  h a s :
(a) t h e  l o w e s t  u n i t  c o s t s ;
(b) t h e  s m a l l e s t  f o r e i g n  e x c h a n g e  c o m p o n e n t ;
(c)  t h e  m o s t  d e s i r a b l e  c a s h  f l o w ;
(d) t h e  maximum f i n a n c i a l  r e t u r n s .
(J )  From t h e  e c o n o m ic  p o i n t  o l  v i e w ,  w h ich  oL t h e  
a l t e r n a t i v e s  h a s :
(a)  t h e  p o t e n t i a l  o f  g i v i n g  q u i c k  r e s u l t s ;
(b) t h e  s h o r t e s t  c a p i t a l  r e c o v e r y  p e r i o d ;
(c)  the-  h i g h e s t  r a t e  o f  r e t u r n  on c a p i t a l ;
(d) t h e  w i d e s t  i m p a c t  on t h e  economy.
(4) From t h e  man agemen t  p o i n t  o f  v i e w ,  w h i c h  o f  t h e  
a l t e r n a t i v e s  h a s :
(a) t h e  l e a s t  cumber some m anagem en t  o r g a n i s a t i o n ;
(b) t h e  s m a l l e s t  demand on s k i l l e d  s t a f f  n e e d e d  
f o r  o p e r a t i o n  an d  m an ag e m en t ;
(c) t h e  g r e a t e s t  c h a n c e  o f  b e i n g  a c c e p t e d  an d  
s u p p o r t e d  by a  l a r g e  number o f  p r o d u c e r s .
I t  s h o u l d  be  e m p h a s i s e d  t h a t  t h e  above  t e s t s  a r e  u n d e r ­
t a k e n  f o r  t h e  s o l e  p u r p o s e  o f  e s t a b l i s h i n g  a r a n k i n g  among a l t e r n a t i v e s .  
A l t h o u g h  t h e  t e s t s  may be  c r u d e  in  many r e s p e c t s ,  t h e y  do  s e r v e  t h e  
u s e f u l  p u r p o s e  o f  c l a r i f y i n g  t o  t h e  p r o j e c t  p l a n n e r  and t h e  d e c i s i o n ­
m ak e r  t h e  a d v a n t a g e s  an d  d i s a d v a n t a g e s  o f  e a c h  a l t e r n a t i v e  and t h u s
make t h e  f i n a l  c h o i c e  much e a s i e r .
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Tin.' r e s u l t s  o f  t h e  work on iden l  i f i e a l  ion and s e l e c t i o n  
s h o u l d  bo p r e s e n t e d  in  a b r i e f  summary o f  t h e  m a in  f e a t u r e s  o f  t h e  
recommended i n v e s t m e n t  p r o j e c t  w h ich  i s  b e i n g  c o n s i d e r e d  f o r  f u r t h e r  
d e t a i l e d  s t u d y .  The purpose  o f  t h i s  b r i e f  summary i s  t o  (. ' l iable t h e  
a u t h o r i t y  a n d / o r  f i n a n c i n g  a g e n c y  c o n c e r n e d  t o  d e c i d e  w h e t h e r  t o  go 
a h e a d  w i t h  t h e  f e a s i b i l i t y  s t u d y  o f  t h e  p r o j e c t .
4 . 2  Im p r o v in g  P r o j e c t  F o n n u l a t i o n
The f o r m u l a t i o n  s t a g e  o f  t h e  p r o j e c t  a n a l y s i s  e n t a i l s  a 
s y s t e m a t i c  an d  an i n - d e p t h  e x a m i n a t i o n  o f  i t s  e s s e n t i a l  f e a t u r e s  
f o r  t h e  p u r p o s e  o f  r e a c h i n g  a  f i n a l  d e c i s i o n .  The main  a r e a s  t o  
e x a m i n e  a r e  t h e  f o l l o w i n g :
4 . 2 . 1  The P r o j e c t  A r e a
As a l r e a d y  i n d i c a t e d ,  t h e  s u c c e s s  o r  f a i l u r e  o f  t h e  p r o j e c t  
w i l l  p r i m a r i l y  d e p e n d  on t h e  a d e q u a c y  a n d  q u a l i t y  o f  t h e  p h y s i c a l  
and human r e s o u r c e s  o f  t h e  a r e a  e m b r a c e d  by t h e  p r o j e c t  an d  i t s  
f u t u r e  e c o n o m ic  p r o s p e c t s .  The p u r p o s e  o f  t h i s  s e c t i o n  s h o u l d  be  t o  
d e s c r i b e  t h e  b a s e  f rom w h i c h  t h e  p r o j e c t  s t a r t s ,  i n c l u d i n g  i t s  
e x i s t i n g  s t a t e  o f  d e v e l o p m e n t .  The a n a l y s i s  s h o u l d  be s u p p o r t e d  
b y  f i n d i n g s  o f  s u r v e y s  an d  o t h e r  r e l e v a n t  d a t a  so a s  t o  e s t a b l i s h  t h e  
s u i t a b i l i t y  o f  t h e  p h y s i c a l  and human r e s o u r c e s  c a l l e d  f o r  by t h e  
p r o j e c t .
(a) P h y s i c a l  R e s o u r c e s
T h i s  w i l l  i n c l u d e  t h e  s t u d y  and e v a l u a t i o n  o f  t h o s e  n a t u r a l
c h a r a c t e r i s t i c s  o f  t h e  p r o j e c t  a r e a  w h i c h  may have a d i r e c t  b e a r i n g  on
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the production process, e.g. topography of terrain, suitability 
of climate, soil capability, adequacy of water supply, etc.
(b) Population and Employment
This will involve analysis of the present size and age 
structure of the population in the project area and, as appropriate, 
of its surrounding areas. Affenfion should be drawn to such parti­
culars as population density, urban and rural distribution of popu­
lation, rates of migration and the projected rate of population 
growth. It will also indicate the magnitude of the current and pro­
jected labour force in the project area, share of agriculture in 
such labour force, seasonal pattern of agricultural employment, and 
the degree of unemployment and underemployment in the project area.
(c) Economic and Social Infrastructure
This will include an assessment of transport facilities 
and other means of communication in the project area and its links 
with other parts of the country, including access to major urban 
centres and main port outlets. The possible impact of other infra­
structure and productive facilities on the growth of agriculture 
in the project area will also be assessed, e.g. power supply and 
agricultural processing industries. Special attention will be given 
to the analysis of social infrastructure, with emphasis on the
structure of rural communities and level of literacy.
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(cl) Insti Lu ti ons
This will give a brief description of the functions, 
organisation, staffing and effectiveness of existing government and 
private institutions operating in the area which arc likely to be of 
concern to the project.
(e) Economy of the Project Aren
This will include an analysis of the main economic 
characteristics of the project area, such as the level and composi­
tion of its gross product, disparity in per capita income between 
agricultural and non-agricultural occupation, the level and pattern 
of present consumption, the magnitude of savings and investment, 
the pattern of the project area* S trade with other areas of the 
country and its share in the country's foreign trade.
(f) Agriculture in the Project Area
This section will make analysis in depth of the 
agricultural situation:
relationship of present land use to soil capability as 
established under (a);
- present water usage in relation to the availability 
of surface and groundwater as established under (a), especially at 
times of peak demand;
- extent of the agricultural area and the pattern of 
its utilisation, the intensity of land use and the influence of
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irrigation on the pattern of its utilisation and on the pattern of 
farming, crop yields and livestock output;
volume and gross and net values of agricultural pro­
duction from the project area to be used as a base for measuring 
incremental benefits;
land ownership and tenure system, including land 
fragmentation and the importance of share cropping;
pattern and level of agricultural inputs used in the 
project area and any obstacle in the promotion of their use, e.g. 
high transport costs, inadequacy of credit arrangements and lack of 
distribution facilities;
market outlets and the pattern of market organisation 
in the project area, storage facilities, transport costs, processing 
facilities, the price structure of agricultural produce in the pro­
ject area and an indication of the prices received and paid by farmers;
extent of agricultural services in the project area 
such as co-operatives, farmers' associations, extension, credit and 
training facilities.
It is possible that the project area may be part of a 
much larger agricultural region undergoing rapid change. If this is 
the case, the information and data about the project area mentioned 
above should be reviewed within the framework of similar information 
and data about the region as a whole.
4.2.2 Project Description
The feasibility study of the project should be prepared in 
sufficient detail to warrant serious consideration for approval and
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financing. Th(.' degree of detail depends on the availability of data 
and information and on the depth of analysis required. However, under 
no circumstances should certain essential features of the project be 
overlooked. Home of these essential features are discussed below:
(a) Purpose
This section should give an adequate description of the 
primary objectives of the proposed project. If there are any important 
secondary objectives, they should also be defined. The primary 
objectives should be subsequently disaggregated into a number of 
narrowly defined sub-objectives, e.g. the achievement of specific 
major output targets, reclamation of a certain area, etc. This 
structuring of primary objectives is important from the point of view 
of defining various project activities and establishing the logical 
sequence between them.
(b) Choice of Location, Production Process and Size
Decisions on these three items are made at the identifi­
cation stage. In the formulation phase, the relevant factors in 
support of each decision are further crystallised. Numerous factors 
will determine the choice of project location of which the most 
important ones are the availability and quality of essential inputs, 
the vicinity of the potential market for the produce of the project 
and the transport costs for both inputs and outputs. Location may 
also be influenced by the existence of external economies in a 
specific locality or sometimes by social and political considerations,
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e.g. priority may bo given to a socially depressed area despite 
other disadvantages. The choice of production process will be 
dictated mainly by the natural conditions and supply of production 
factors in the project area and by specific technical considerations. 
The choice of size is basically a problem of arriving at an optimum 
scale for the project which will maximise the rate of return on 
investment. Such an optimum scale in turn will depend on the volume 
of future demand for the produce of the project, the geographical 
extent of the market, the proposed technology of production and, 
finally, on the capability of project management.
(c) Project Major Works and Other Components
The aim of this section should be to describe the proposed 
major works and other essential components which ought to be estab­
lished to bring the project to the stage of full development. The 
presentation of major works and other components should be in suffi­
cient detail to provide a clear picture of their nature and scope 
and to enable the estimation of costs to be made with a fair degree 
of reliability. With due consideration for possible variations among 
projects in different sub-sectors, the proposed works and activities 
could be classified under five main headings:
(1) Major Works: Based on the preliminary design, this
item will describe all the major works necessary to achieve the 
desired production capacity. The preliminary designs ought to be 
based on proper technical surveys and investigations and should be 
fairly precise so that any alterations at a later design stage are
kept to a minimum.
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(2) Farm Development Works: This item will describe the
nature and scope of the necessary on-farm engineering works. Such 
on-farm works should be based on proper topographic surveys and land 
classification and the estimates derived from model designs prepared 
for different farm sizes envisaged in the project area.
(3) Ancillary Works and Buildings: This item will
describe the various ancillary works and buildings required by the 
project, i.e. workshops, warehouses, pilot or experimental farms, 
nurseries, etc.
(4) Equipment: This item will list the type and quantity
of equipment needed by the jjroject.
(5) Support Services: This item will include at least
the following components:
(i) institutions needed to improve agrarian structure 
i.e. changes in land tenure and land settlement, measures of land 
consolidation and the setting up of co-operatives;
(ii) organisations for the provision of essential farm 
inputs and services, i.e. production requisites, research, extension 
and marketing; and
(iii) administrative machinery needed to implement 
various incentive measures contemplated by the project.
(cl) Phasing of Workn and Activities and Special Problem s 
of: Execution
Phasing entails the scheduling of all project works and 
activities with a view to determining the length of time required 
and the inputs needed to complete the project. This is done in 
order to estimate project cost over the pre-construction, construction 
and operation phases of the project and to raise the efficiency of 
implementation. The scheduling of activities and their costs will 
also help determine the disbursement pattern of loans.
For simple agricultural projects the phasing need not 
raise any difficult problems. However, for major project works 
involving a magnitude of activities, the phasing may be a complex 
task and can best be handled through a network analysis.
It is unlikely that the project will be executed without 
special problems arising from time to time. To avoid possible 
delays, it is advisable to identify such special problems in advance 
and to adjust project operations accordingly.
4.2.3 Organisation and Management
The form of organisation and management for the project 
has to be clearly established since the success of the project 
depends largely, apart from other technical and economic considera­
tions, on their effectiveness. The nature and scope of project 
activities and the broad setting in which the project is expected to 
operate are also likely to be influenced by them. Moreover, the
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requirements of organisation and management are likely to undergo 
radical changes as the project advances from the construction to 
the full development phase.
The section on organisation should cl.early specify the 
entity or entities responsible for project construction and opera­
tion and the manner in which the entity is expected to perform these 
functions. This should apply to large public or private projects.
With small farmer projects, the managerial competence and capacity 
of the farmer to organise and manage his own project should be well 
examined.
The section on management for large projects should 
explain the qualifications and experience of such key managerial staff.
If there is any need for expatriates to assist management in the early 
phase, this should be stated.
Apart from key managerial staff, the needs of the project 
for technical and administrative personnel should be assessed. It is 
advisable to undertake this assessment for each entity and for specific 
categories of staff. The measures necessary to fulfil the requirements 
to each entity for various technical and administrative personnel 
should also be spelled out, including possible arrangements for training.
The specific aspect of organisation may be presented in 
the following form as suggested by the FAO (1971, p.21).
(1) Construction: Here one will identify the unit
within the entity which is responsible for the design, construction 
and supervision of major works, ancillary project works and facilities
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and LIic p l a n n i n g  and i m p l e m e n t a t i o n  o f  o n - f a r m  d e v e lo p m e n t . .  The 
a r r a n g e m e n t  f o r  c o m p l e t i n g  s u c h  w o r k s  s h o u l d  a l s o  be  e x p l a i n e d ,  c . g .  
by  s u b - c o n t r a c t i n g  o r  o n - f a r m  d e v e l o p m e n t  by f a r m e r s  t h e m s e l v e s  o r  
by t h e  p r o j e c t  a u t h o r i t y .
(2) O p e r a t i o n  and M a i n t e n a n c e :  Here  o n e  w i l l  i d e n t i f y
t h e  u n i t s  w i t h i n  t h e  e n t i t y  r e s p o n s i b l e  f o r :
( i )  o p e r a t i o n  and c o n t r o l  o f  m a j o r  and a n c i l l a r y  w o r k s ;
( i i )  r e p a i r  an d  m a i n t e n a n c e  o f  w o r k s  and f a c i l i t i e s  
f a l l i n g  u n d e r  t h e  d i r e c t  c o n t r o l  o f  t h e  p r o j e c t  a u t h o r i t y ;
( i i i )  c o l l e c t i o n  o f  c h a r g e s  p a i d  b y  f a r m e r s ,  i . e .
w a t e r  r a t e s .
(3) Farm S e r v i c e s  an d  O t h e r  A g r a r i a n  M e a s u r e s :  Here  one
w i l l  l i s t  t h e  v a r i o u s  o r g a n i s a t i o n s  r e s p o n s i b l e  f o r  t h e  i m p l e m e n t a t i o n  
o f  a g r i c u l t u r a l  p o l i c y  m e a s u r e s  and  f o r  a s s i s t i n g  f a r m e r s  t o  a c h i e v e  
f u l l  p r o d u c t i o n  i n  t h e  p r o j e c t  a r e a .  I t  i s  p o s s i b l e  t h a t  t h e s e  
o r g a n i s a t i o n s  fo rm  p a r t  o f  t h e  p r o j e c t  e n t i t y .  However ,  i n  m o s t  c a s e s  
t h e y  may h a v e  t h e i r  own i n d e p e n d e n t  o r  s e m i - i n d e p e n d e n t  s t a t u s .  W h a t ­
e v e r  t h e  c a s e  i s ,  i t  i s  e s s e n t i a l  t o  d e s c r i b e  t h e  o r g a n i s a t i o n s '  
s t r u c t u r e ,  a s s e s s  t h e i r  c a p a b i l i t i e s  i n  t e r m s  o f  s t a f f ,  e q u i p m e n t
an d  f i n a n c i a l  r e s o u r c e s  an d  s t i p u l a t e  t h e  m e a s u r e s  n e e d e d  f o r  t h e i r  
e f f e c t i v e  c o - o r d i n a t i o n  u n d e r  t h e  u m b r e l l a  o f  t h e  p r o j e c t  a u t h o r i t y .  
The s p e c i a l i s e d  o r g a n i s a t i o n s  r e s p o n s i b l e  f o r  f a r m  s e r v i c e s  and 
a g r a r i a n  m e a s u r e s  a r e  l i k e l y  t o  i n c l u d e  many o f  t h e  f o l l o w i n g :
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(1) R e s e a r c h  an d  E x t e n s i o n :  The o r g a n i s a t i o n a l  s t r u c t u r e
an d  r e s p o n s i b i l i t i e s  o f  t h e  u n i t s  i n  c h a r g e  o f  r e s e a r c h  an d  e x t e n s i o n  
s h o u l d  b e  m e n t i o n e d ,  w i t h  p a r t i c u l a r  e m p h a s i s  on t h e  q u a l i f i c a t i o n  
and e x p e r i e n c e  o f  s e n i o r  s t a f f ,  number o l  f i e l d  s t a f f  r e q u i r e d ,  t h e  
l e v e l  o f  t h e i r  t r a i n i n g  and a r r a n g e m e n t s  f o r  f i e l d  s t a f f  s u p e r v i s i o n ;  
a n y  m e a s u r e s  n e c e s s a r y  t o  e n s u r e  t h e  a v a i l a b i l i t y  o f  f u n d s ,  e q u i p m e n t  
and p h y s i c a l  f a c i l i t i e s  t o  t h e s e  o r g a n i s a t i o n s  s h o u l d  b e  s t i p u l a t e d .
(2) S u p p l y  o f  I n p u t s :  An a s s e s s m e n t  o f  t h e  f u n c t i o n s
and r e s p o n s i b i l i t i e s  o f  t h e  o r g a n i s a t i o n  c h a r g e d  w i t h  t h e  p r o v i s i o n  o f  
a g r i c u l t u r a l  r e q u i s i t e s  i n  t h e  p r o j e c t  a r e a  s h o u l d  be  made w i t h  s p e c i a l  
e m p h a s i s  on t h e i r  f i n a n c i a l  s t r e n g t h ,  m e t h o d s  o f  p r o c u r e m e n t  and d i s t r i ­
b u t i o n  an d  c o o r d i n a t i o n  w i t h  t h e  c r e d i t  a g e n c y ,  f a r m  c o - o p e r a t i v e  o r  
a s s o c i a t i o n s  and t h e  e x t e n s i o n  s e r v i c e .
(3) M a r k e t i n g  and P r o c e s s i n g :  A d e s c r i p t i o n  s h o u l d  be
g i v e n  and a n  e v a l u a t i o n  made o f  t h e  i n s t i t u t i o n s  r e s p o n s i b l e  f o r  t h e  
m a r k e t i n g  o f  f a rm  p r o d u c t i o n .  I n  a d d i t i o n ,  t h e r e  s h o u l d  b e  a n  a s s e s s ­
m e n t  o f  m a r k e t  c h a n n e l s ;  i d e n t i f i c a t i o n  o f  m a r k e t  r i g i d i t i e s  and p r o ­
p o s a l s  f o r  t h e i r  a m e l i o r a t i o n .  F a c t o r s  a f f e c t i n g  t h e  p r i c i n g  o f  f a rm  
p r o d u c e ,  e . g .  p o s s i b l e  m o n o p o ly  p r a c t i c e s ,  m a r k e t  d u e s  and c o m m i s s io n  
c h a r g e d ,  s h o u l d  b e  s t u d i e d .  R e f e r e n c e  s h o u l d  a l s o  b e  made t o  t h e  
a d e q u a c y  o f  t r a n s p o r t  f a c i l i t i e s .  The i n c l u s i o n  o f  a g r i c u l t u r a l  p r o ­
c e s s i n g  i n d u s t r i e s  i n  t h e  p r o j e c t  a r e a  an d  t h e i r  p r o d u c t i o n  c a p a c i t i e s ,  
p r i c i n g  p o l i c i e s ,  and m e t h o d s  o f  p r o c u r e m e n t  and  c o l l e c t i o n  s h o u l d  be  
s t a t e d  i n c l u d i n g  a n y  s p e c i a l  a r r a n g e m e n t s  o f  p r o c e s s i n g  o r g a n i s a t i o n s  
w i t h  f a r m e r s ,  e . g .  f o r w a r d  c o n t r a c t i n g ,  c r e d i t  a d v a n c e s .
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(4) C o - o p e r a t i v e s  an d  F a r m e r s '  A s s o c i a t i o n s :  A d e s c r i p ­
t i o n  o f  t h e  l e g a l  and a d m i n i s t r a t i v e  s t r u c t u r e  o f  t h e  e x i s t i n g  o r  p r o ­
p o s e d  c o - o p e r a t i v e s  an d  f a r m e r s '  a s s o c i a t i ö n s  i n  t h e  p r o j e c t  a r e a  
s h o u l d  be  m e n t i o n e d .  A t t e n t i o n  s h o u l d  be  d ra w n  t o  t h e i r  r e s p o n s i b i ­
l i t i e s  v i s - a - v i s  p r o d u c e r s  and t h e i r  r e l a t i o n s h i p s  w i t h  t h e  p r o j e c t  
a u t h o r i t y  an d  o t h e r  e n t i t i e s  s e r v i c i n g  f a r m e r s .  The e x t e n t  o f  p a r t i c i ­
p a t i o n  o f  f a r m  c o - o p e r a t i v e s  an d  a s s o c i a t i o n s  i n  p o l i c y  d e c i s i o n s  by
t h e  e n t i t y  s h o u l d  b e  h i g h l i g h t e d .  I f  t h e  f a r m  c o - o p e r a t i v e s  and a s s o c i a ­
t i o n s  l iave a n y  p a s t  e x p e r i e n c e ,  i t  s h o u l d  be  c r i t i c a l l y  a p p r a i s e d .
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(5) Land R e fo r m :  The o r g a n i s a t i o n a l  s t r u c t u r e  and r e s p o n s i ­
b i l i t i e s  o f  t h e  e n t i t y  c h a r g e d  w i t h  l a n d  t e n u r e  and l a n d  d i s t r i b u t i o n  
s h o u l d  b e  c l e a r l y  s t a t e d ,  w i t h  p a r t i c u l a r  e m p h a s i s  on  t h e  p r o p o s e d  
l e g i s l a t i o n  and a d m i n i s t r a t i v e  m e a s u r e s  n e c e s s a r y  t o  im p r o v e  t h e  
e x i s t i n g  p a t t e r n  o f  l a n d  o w n e r s h i p  i n  t h e  p r o j e c t  a r e a .  TVlequate 
c o v e r a g e  c o u l d  b e  g i v e n  t o  p o l i c i e s  a f f e c t i n g  new s e t t l e m e n t  ( s i z e
o f  f a r m s ,  c o n d i t i o n s  o f  o c c u p a t i o n  and s e l e c t i o n  o f  s e t t l e r s ) ,  e x t e n t  
o f  l a n d  r e f o r m  o r  l a n d  s e t t l e m e n t  a g e n c y  w i t h  o t h e r  o r g a n i s a t i o n  p r o ­
v i d i n g  f i n a n c i a l  and t e c h n i c a l  a s s i s t a n c e  t o  f a r m e r s .
4 . 2 . 4  P r i c i n g  o f  I n p u t s  and O u t p u t s
At  t h e  f o r m u l a t i o n  s t a g e ,  p r o j e c t  c o s t s  an d  p r i c e s  a r e  i n  
t h e  form o f  e s t i m a t e s  an d  i t  i s  e s s e n t i a l  t h a t  i n  t h e  f e a s i b i l i t y  
s t u d y  t h e  v a r i o u s  c o s t  an d  p r i c e  e s t i m a t e s  b e  f a i r l y  r e l i a b l e  s i n c e  
t h e y  fo rm  t h e  b a s i s  f o r  p r o j e c t  f u n d i n g  and f o r  c a l c u l a t i n g  t h e  
f i n a n c i a l  and ec onomic  r e t u r n s  o f  t h e  p r o j e c t .
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I n  m o s t  c o s t - b e n e f i t  a n a l y s e s ,  c o s t s  and p r i c e s  a r e  p r e ­
s e n t e d  a s  s i n g l e - v a l u e d  e s t i m a t e s  a n d ,  f o r  t h e  m o s t  p a r t ,  p r o j e c t  b e n e ­
f i t s  a r e  s t i l l  e s t i m a t e d  and r e p o r t e d  i n  t e r m s  o f  o n e  s i n g l e  ou tcom e  
w h i c h  d o e s  n o t  t a k e  a c c o u n t  o t , o r  r e c o r d ,  v a l u a b l e  i n f o r m a t i o n  a b o u t  
t h e  e x t e n t  o f  u n c e r t a i n t y  o f  p r o j e c t  r e l a t e d  e v e n t s .  T h i s  i s s u e  o f  
u n c e r t a i n  o u t c o m e s  i s  g e n e r a l l y  r e c o g n i s e d ,  b u t  i s  u s u a l l y  n o t  e x p l i ­
c i t l y  c o n s i d e r e d  i n  o t h e r w i s e  d e t a i l e d  c o s t - b e n e f i t  a n a l y s e s  o f  i n v e s t ­
m e n t  p r o j e c t s .  A p p l i c a t i o n  o f  c o n t i n g e n c y  a l l o w a n c e s a n d  s e n s i t i v i t y  
a n a l y s e s  h a v e  b e e n  u s e d  a s  p a r t i a l  r e m e d i e s .
H e r t z  ( 1 9 6 4 ) ,  R e u t l i n g e r  ( 1 9 7 0 ) ,  P o u l i q u e n  (1970) and 
J o n e s  (1972)  c t  a l .  recommend t h a t  t h e  b e s t  a v a i l a b l e  j u d g e m e n t s  
a b o u t  t h e  v a r i o u s  f a c t o r s  u n d e r l y i n g  t h e  c o s t  and b e n e f i t  e s t i m a t e s  o f  
a  p r o j e c t  b e  r e c o r d e d  i n  t e r m s  o f  p r o b a b i l i t y  d i s t r i b u t i o n s  and t h a t  
t h o s e  d i s t r i b u t i o n s  b e  a g g r e g a t e d  i n  a m a t h e m a t i c a l l y  c o r r e c t  m an n e r  
t o  y i e l d  a  p r o b a b i l i t y  d i s t r i b u t i o n  o f  t h e  r a t e  o f  r e t u r n  o r  n e t  p r e ­
s e n t  w o r t h  o f  t h e  p r o j e c t .
T h i s  p r o c e d u r e  i n  no way e l i m i n a t e s  t h e  p r o b l e m  o f  mak ing  
j u d g e m e n t s  a b o u t  e v e n t s  an d  r e l a t i o n s h i p s  i n  t h e  f a c e  o f  l i m i t e d  and 
i n c o m p l e t e  i n f o r m a t i o n ,  n o r  d o e s  i t  s u g g e s t  a u n i q u e  and s i m p l e  f o r m u l a  
f o r  c h o o s i n g  among p r o j e c t s  o r  p r o j e c t  s t r a t e g i e s  w i t h  v a r y i n g  d e g r e e s  
o f  r i s k i n e s s .  However ,  t h i s  t y p e  o f  a n a l y s i s  would  e n s u r e  and e n ­
c o u r a g e  t h a t  a v a i l a b l e  i n f o r m a t i o n  a b o u t  e v e n t s  a f f e c t i n g  t h e  o u tcom e  
o f  t h e  p r o j e c t  would  be  mor e  f u l l y  u t i l i s e d  an d  c o r r e c t l y  t r a n s f o r m e d  
i n t o  i n f o r m a t i o n  a b o u t  u n c e r t a i n  p r o j e c t  r e s u l t s .  P r o j e c t - r e l a t e d  
d e c i s i o n s  c o u l d  be  made m ore  e a s i l y  a n d  m o re  i n t e l l i g e n t l y  i f  r e t u r n s  
on p r o j e c t s  w e r e  r e p o r t e d  n o t  i n  t e r m s  o f  a s i n g l e  r a t e ,  o r  a w id e
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range of possible returns with undefined likelihoods of occurrence 
but in terms of a probability distribution. Allowance for this is made 
made in the improved project cycle given at the end of this chapter 
although detailed discussion of the methodology of probability appraisal 
is left to the next chapter.
4.2.5 Indicators of Worthiness
(a) The Concept of 'Cash Flow'
The cash flow of a project expresses the financial require­
ments and balances for each year over the life of a project. In pre­
paring the cash flow, all cash payments are considered as costs and 
all cash receipts as benefits. The annual cash flows are necessary 
in order to know the magnitude of expected cash deficits during the 
construction and development phases and for which short, medium and 
long term financing have been arranged. Similarly, at full development 
the appearance of cash surpluses will indicate the repayment capacity 
of the project.
Apart from expressing the financial liquidity of the pro­
ject and its beneficiaries, cash flows are considered to be the basic 
ingredients for measuring the various indicators of worthiness 
(financial or economic), both for the project as a whole and for its 
various beneficiaries.
(b) Indicators of Project Worth
As pointed out earlier, the ADB uses the most simple non­
discounting methods (pay-back period and peak-profit method) in indi-
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eating the worth of its projects. The pros and cons of these indica­
tors have been discussed and it is felt that in every serious project 
evaluation, discounted measures should rather be used.
In the computation of discounted measures of project worth, 
the rate of discount or 'interest rate' becomes an important con­
sideration. Economists generally explain 'interest' as arising from 
two reasons:
(1) If we lend money to someone else we are deferring 
until the future the possibility of using that money for present 
pleasures. If we do this we are entitled to a reward and interest 
is that reward;
(2) Another closely related but better explanätion is 
that interest is related to current income foregone. If the farmer 
lends money to his neighbour, the farmer is passing by the opportunity 
to use that money for productive purposes - say to increase his 
fertiliser use. On the other hand, his neighbour is gaining the money 
to put to a productive purpose perhaps. It is therefore only reason­
able that the lender be compensated for the income foregone and that 
the borrower pays something for the use of the lender's money.
Undiscounted measures of project worth fail to take into 
account the consideration of time and could give misleading results.
To overcome this problem we have to use discounting. Basically, this 
is a technique by which one can 'reduce' future benefit and cost 
streams to their 'present' worth. Using the discounted cash-flow pro­
cedures (DCF) we can compute:
7<)
(a) B e n e f i t - C o s t  R a t i o  (B/C r a t i o ) ;
(b) Ne t  P r e s e n t  V a lu e  (NPV);
(c) I n t e r n a l  R a t e  o f  R e t u r n  ( IRR).
F o r  t h e  p u r p o s e s  o f  t h i s  a n a l y s i s ,  t h e  NPV, IRR and ROT 
a r e  h i g h l i g h t e d .
( i )  Ne t  P r e s e n t  V a lu e  (NPV)
T h i s  i s  t h e  m o s t  s t r a i g h t f o r w a r d  d i s c o u n t i n g  c a s h  f l o w  
m e a s u r e  o f  p r o j e c t  w o r t h .  I t  i s  s i m p l y  t h e  p r e s e n t  w o r t h  o f  t h e  
c a s h  f l o w  s t r e a m .  The m a j o r  p r o b l e m  i n  t h e  u s e  o f  t h e  n e t  p r e s e n t  
v a l u e  i s  t h e  c h o i c e  o f  d i s c o u n t  r a t e .  A l l  p r o j e c t s  w i t h  a p o s i t i v e  
NPV a r e  t h e o r e t i c a l l y  a c c e p t a b l e .
The f o r m a l  s e l e c t i o n  c r i t e r i o n  f o r  t h e  NPV m e a s u r e  o f  a 
p r o j e c t  i s  t o  a c c e p t  a l l  p r o j e c t s  w i t h  a  p o s i t i v e  NPV when d i s c o u n t e d  
a t  t h e  o p p o r t u n i t y  c o s t  o f  c a p i t a l .  An o b v i o u s  p r o b l e m  o f  t h e  NPV 
m e a s u r e  i s  t h a t  t h e  s e l e c t e d  c r i t e r i o n  c a n n o t  be  a p p l i e d  u n l e s s  t h e r e  
i s  a  r e l a t i v e l y  s a t i s f a c t o r y  e s t i m a t e  o f  t h e  o p p o r t u n i t y  c o s t  o f  
c a p i t a l .  No r a n k i n g  o f  a c c e p t a b l e  a l t e r n a t i v e  p r o j e c t s  i s  p o s s i b l e  
w i t h  t h e  NPV c r i t e r i o n ,  w h i c h  i s  a s e r i o u s  d r a w b a c k  t o  i t s  u s e .  T h i s  
i s  b e c a u s e  t h e  NPV i s  an  a b s o l u t e  and n o t  a  r e l a t i v e  m e a s u r e .  A s m a l l  
h i g h l y  a t t r a c t i v e  p r o j e c t  w i l l  have  a  s m a l l e r  NPV t h a n  a  l a r g e r  m a r g i n ­
a l l y  a c c e p t a b l e  p r o j e c t  an d  w o u l d ,  t h e r e f o r e ,  be  e x c l u d e d  i f  o n l y  t h i s  
c r i t e r i o n  was  u s e d .
n B -C
N e t  P r e s e n t  W or th  = £ ------- —
t = l  ( l + i ) 1
where
Bt benefits in each year
ct costs in each year
t = 1, 2, ... n
n = number of years
i = interest (discount) rate
(ii) Internal Rate of Return (IRR)
Another way of using the discounted cash flow procedure 
for measuring the worth of a project is to find the discount rate 
which makes the NPV of the cash flow equal to zero. This discount 
rate is termed the Internal Rate of Return and, in a sense, repre­
sents the average earning power of the money used in the project over 
the project life. The IRR is the most commonly used measure by the 
World Bank in both economic and financial analysis. To avoid confu­
sion in terminology, the IRR in financial analysis is referred to as 
the Internal Financial Return, while the same criterion in economic 
analysis is called the Internal Economic Return.
The IRR for a project can be defined as the rate of dis­
count (r) which equalises the discounted benefits (X) with the dis­
counted costs (C), i.e. the relationship X - C = 0.
Gross Value of Output (X) = Net Benefits (B) + Current Expenses (E)
Costs (C) = Capital Costs (K) + Current Expenses (E)
Alternatively, it can be expressed as the rate of discount 
(r) which will equalise the stream of net benefits (B) and the stream
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o f  c a p i t a l  c o s t s  (K) , t h a t  i s  to  sa y ,  th e  r a t e  o f  d i s c o u n t  w hich  w i l l  
s a t i s f y  t h e  r e l a t i o n s h i p  B -  K = 0.
The fo rm a l s e l e c t i o n  c r i t e r i o n  fo r  th e  IRR m easure i s  t o  
a c c e p t  a l l  p r o j e c t s  havim j an i n t e r n a l  r a l e  o f  r e tu r n  above th e  
o p p o r t u n i t y  c o s t  o f  c a p i t a l .  P r o j e c t s  a r e  ranked in  o rd er  o f  th e  v a lu e  
o f  t h e  IRR. The l o w e s t  a c c e p t a b l e  IRR i s  termed th e  ' c u t - o f f  r a t e '  
and i s  o f t e n  s e t  above th e  o p p o r t u n i t y  c o s t  o f  c a p i t a l .
The p r o ce d u re  f o r  c a l c u l a t i o n :
from a q u ic k  e x a m in a t io n  o f  p o s i t i v e  and n e g a t i v e  
b e n e f i t s  o f  t h e  p r o j e c t ,  one c o u ld  i n f e r  w h eth er  th e  p r o j e c t  i s  v e r y  
p r o f i t a b l e  or m o d e s t ly  p r o f i t a b l e ;
-  a d i s c o u n t  r a t e  i s  ch o sen  w hich  h as  th e  p o s s i b i l i t y  o f  
e x c e e d in g  th e  e a r n in g  power o f  t h e  p r o j e c t .  I f  th e  g u e s s  i s  c o r r e c t ,  
t h e  sum o f  t h e  d i s c o u n t e d  b e n e f i t s  w i l l  tu r n  o u t  t o  be n e g a t i v e :  upper
l i m i t ;
-  a s i m i l a r  t r i a l  i s  c a r r i e d  o u t  w i th  a l a r g e r  r a t e  o f  
d i s c o u n t ,  in  w h ich  th e  sum o f  t h e  d i s c o u n t e d  b e n e f i t s  w i l l  be p o s i t i v e :  
lo w e r  l i m i t ;
th e  IRR w i l l  l i e  somewhere b etw een  th e  lo w er  and upper  
d i s c o u n t  r a t e s  and w i l l  be o b t a in e d  th ro u g h  i n t e r p o l a t i o n .
The f o l l o w i n g  form u la  w i l l  be u s e f u l  in  e s t i m a t i n g  th e  IRR 
a f t e r  t h e  above  p ro c e d u r e  h a s  been  a d o p ted :
Lower D i f f e r e n c e
IRR = D is c o u n t  + Betw een th e  
R ate D is c o u n t  Rate
( P r e s e n t  w orth  o f  c a s h  f lo w  a t  th e
( ________ lo w er  d i s c o u n t  r a t e _________
( A b s o lu t e  d i f f e r e n c e ^  betw een  th e  
( p r e s e n t  w orth  o f  th e  c a s h  f lo w  
( and th e  two d i s c o u n t  r a t e s
1 A b s o lu te  d i f f e r e n c e  i s  h ere  d e f i n e d  a s  th e  sum o f  th e  two v a l u e s  
i g n o r in g  t h e  s i g n  w h ich  i s  a t t a c h e d  t o  them.
< S 2
The formal mathematical statement of this measure of project
worth is:
n
y
1=1
B - C t t
(Hi)
0
In practice, it is best not to try to interpolate between a spread 
wider than about 5 percentage points. The IRR should always be rounded 
to the whole percentage point since the underlying projections cannot 
justify the implication of greater precision. It is also important to 
emphasise that, after 30-40 years, all the discounted values become so 
negligible that they have no significant bearing on the balance 
between costs and benefits.
The IRR rate of return has been preferred by many organi­
sations. It's distinctive quality is that it avoids the difficult 
task of selecting a suitable discount rate and being expressed in the 
form of a rate of return, it can be compared with the prevailing 
interest rates.
Criticisms made regarding the IRR are that:
(1) The rate has no relationship with the opportunity 
cost of capital, i.e. the earning power of the marginal project. 
Consequently, those who advocate the opportunity cost of capital as 
a true reward of capital regard the IRR as an illusory rate.
(2) The method of computation is cumbersome and there 
are always some complications when more than one solution exists. 
Multiple solutions exist when, following a period of positive cash 
flows, there is a sizeable period in which there are negative cash 
flows. Under these circumstances, there may be more than one discount
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rate which will bring the cash flow of the project down to zero.
(3) Another criticism of the IRR is that there is an 
implicit assumption that all returns from the project will be re­
instated at the IRR. This will, in fact, not be the case. Instead, 
the IRR is currently interpreted as the rate of return on capital 
outstanding per period which is invested in the project. Returns 
withdrawn from the project may be reinstated at any other rate or 
consumed without affecting the IRR of the project.
(iii) Return on Investment (ROI)
This indicator of project worthiness - defined usually 
as expected profit after allowing for depreciation, but before tax, 
as a percentage of the investment involved. In some cases the initial 
investment is taken; in other cases, the average investment over the 
life of the project. In some cases the profit is 'peak' profit; in 
other cases average profit over the expected life. The assumptions, 
merits and criticisms behind the peak-profit rate of return have 
been discussed earlier in this study.
The average-profit method is the only major traditional 
method that takes account of profits over the whole of the project's 
life. The project's average profit level is expressed as a rate of 
return on the initial investment. The calculation is done after 
tax and including all capital allowances.
Although the average profit method is seen by Hawkins 
and Pearce (1971) as probably the best of the traditional methods of 
appraising capital investment, it does not allow for the fact that
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surplus profits can be re-invested. Tt. also does not allow for 
differing project lives and differing time patterns of profits.
(c) Choice of Discount Rate
In the NPV approach to investment appraisal it is 
necessary for the decision-maker to have some predeterminated dis­
count rate, r . This same rate is used as the minimum acceptable o
rate of return which projects must earn to meet the IRR decision 
rule. In the context of the IRR rule, it also appears in the litera­
ture as the 'cut-off rate' and the 'hurdle rate'. This rate is what 
is referred to as the 'opportunity cost of capital', i.e. that rate 
which will just result in all the capital in the economy being 
invested if all possible projects were undertaken which yielded that 
much or more return. If set perfectly, the rate, according to 
Gittinger (1972), would just reflect the choice made by the society 
as a whole between present and future returns, and, hence, the amount 
of total income the society is willing to save.
There are practical problems in establishing this rate 
by banks and in practice the rate chosen is a rule of thumb: 12 per
cent seems to be a popular choice and almost all countries seem to 
think it lies somewhere between 8 per cent and 15 per cent. The 
bank rate for Ghana lies between 8% and 12% per cent depending on 
prevailing economic circumstances and, therefore, for our purposes,
an average rate of 10 per cent has been chosen.
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4 . 2 . 6  S e n s i t i v i t y  A n a l y s i s
T h i s  m e th o d  o f  a n a l y s i s  i s  u s e d  t o  m e a s u r e  t h e  i m p a c t  o f  
changer»  in  t h e  v a l u e  o f  b a s i c  p a r a m e t e r s  on t h e  p r o j e c t ' s  r a t e  o f  
r e t u r n .  To u n d e r t a k e  a s e n s i t i v i t y  a n a l y s i s  i s  t o  v a r y  t h e  v a l u e  o f  
e a c h  o f  t h e  s e n s i t i v e  p a r a m e t e r s  by  t h e  same f i x e d  p e r c e n t a g e  so a:? 
t o  d e t e r m i n e  w h i c h  o n e  i s  l i k e l y  t o  h av e  a  g r e a t e r  i m p a c t  on t h e  r a t e  
o f  r e t u r n  i f  a r a n g e  i s  a s sum ed  i n s t e a d  o f  a u n g l u e  v a l u e .  In  t h i s  
way,  t h e  m o s t  s e n s i t i v e  p a r a m e t e r s  a r e  i s o l a t e d  and a s u r v e i l l a n c e  
k e p t  on them .
S e n s i t i v i t y  a n a l y s i s  i s  a s t r a i g h t f o r w a r d  m eans  o f  d e a l i n g  
w i t h  t h e  q u e s t i o n s  o f  r i s k  a n d  u n c e r t a i n t y  i n  p r o j e c t  a n a l y s i s .  I t  i s  
a  n o r m a l  p r a c t i c e  i n  p r o j e c t  a p p r a i s a l  and i n  a g r i c u l t u r e  t h e r e  a r e  
f o u r  m a i n  k i n d s  o f  s e n s i t i v i t y  a n a l y s i s  w h i c h  s h o u l d  be  c o n s i d e r e d :
(1) P r i c e s :  a l t e r n a t i v e  a s s u m p t i o n s  r e g a r d i n g  f u t u r e
p r i c e s  o f  p r o d u c t s ;  shadow wage r a t e s ;  f o r e i g n  e x c h a n g e .
(2) D e l a y s  i n  i m p l e m e n t a t i o n .
(3) C o s t  o v e r - r u n ;
(4) Y i e l d  v a r i a b i l i t y .
The w e a k n e s s  o f  s e n s i t i v i t y  a n a l y s i s  i s  t h a t  t h e  e f f e c t  on 
t h e  NPV o f  a  number  o f  v a r i a b l e s  c h a n g i n g  s i m u l t a n e o u s l y  i s  n o t  
u n d e r t a k e n .  The a s s u m p t i o n  o f  c e t e r i s  p a r i b u s  i s  made .  I t  d o e s  n o t  
show t h e  co m b in ed  e f f e c t  o f  c h a n g e s  i n  a l l  v a r i a b l e s  o r  t h e  l i k e l i ­
hood o f  v a r i o u s  c h a n g e s  o c c u r r i n g  t o g e t h e r .  A more  a p p r o p r i a t e  m e th o d  
f o r  c o n s i d e r i n g  r i s k y  p a r a m e t e r s  i s  d i s c u s s e d  i n  C h a p t e r  5.
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4 . 3  Im p ro v in g  A p p ro v a l  and  I m p l e m e n t a t i o n  P r o c e d u r e s
Once s e l e c t e d ,  p r o j e c t s  s h o u ld  be a p p r o v e d  f o r  t i m e l y  
s t a r t  up  and  . im p le m e n ta t io n  s i n c e  t h e  a b i l i t y  t o  do t h i s  i s  a  c r u c i a l  
d e t e r m i n a n t  o f  u l t i m a t e  s u c c e s s  o r  f a i l u r e .
The i m p l e m e n t a t i o n  p l ia s e  i m p l i e s  t h e  f o l l o w i n g  t a s k s :
4 . 3 . 1  M o n i t o r i n g  o f  t h e  E x e c u t i o n
The p u r p o s e  o f  a  m o n i t o r i n g  s y s te m  i s  t o  p r o v i d e  t h e  
n e c e s s a r y  i n f o r m a t i o n  f o r  e f f e c t i v e  p r o j e c t  o r  p rogram m e m an ag em en t .  
I t  c o n s i s t s  o f  a c c o u n t i n g ,  a u d i t i n g  an d  r e p o r t i n g .  I t  t r i e s  t o  com­
p a r e  p l a n n e d  o u t p u t s ,  t a r g e t s  and  p u r p o s e  w i t h  t h e  r e a l  l e v e l s  
a c h i e v e d  by t h e  p r o j e c t .  M o n i t o r i n g  i s  s u p p o s e d  t o  d e t e r m i n e  w h a t  
h a s  h a p p e n e d ,  n o t  why i t  h a s  h a p p e n e d .  What t o  i n c l u d e  i n t o  a  m o n i ­
t o r i n g  s y s te m  d e p e n d s  on  t h e  m anagem ent l e v e l  c o n c e r n e d :  a p r o j e c t  
m a n a g e r  i s  r e q u e s t e d  t o  m o n i t o r  i n p u t s  an d  o u t p u t s ;  t h e  program m e 
m a n a g e r ' s  t a r g e t s  and  p u r p o s e ;  t h e  s e c t o r  m a n a g e r ' s  p u r p o s e  and  
o b j e c t i v e ;  and  t h e  p l a n n i n g  a g e n c y ' s  o b j e c t i v e s  and  g o a l s .
4 . 3 . 2  P r o c e s s  E v a l u a t i o n
T h i s  i s  t h e  t a s k  o f  a d a p t i n g  a  p r o j e c t ,  program m e o r  
s e c t o r  p l a n  d u r i n g  i m p l e m e n t a t i o n ,  when t h e  m o n i t o r i n g  i n f o r m a t i o n  
show s t h a t  s u c h  c h a n g e s  a r e  i n d i c a t e d .  I t  a t t e m p t s  t o  d e f i n e  why
t h i n g s  h ap p e n  t h e  way t h e y  d o .
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4.3.3 Ex-Post Evaluation
The purpose of ex-post evaluation is to provide the necessary 
feedback of the lessons learned to the planninq staqe. It is supposed 
to provide better information for the analysis and planninq. Ex-post 
evaluation validates or invalidates the assumptions on which the 
planning exercise was based, or, if programmes have not been defined in 
a rigorous way, ex-posf evaluation permits one to delimit the problems 
in a more precise way (formative evaluation).
Among the various national and international development 
assistance organisations, USAID probably has been the most active in 
the formulation of standardised methodologies for project planning and 
evaluation.
In the USAID view, planning, implementation and evaluation 
are all integral parts of programme management, and procedures for 
one part cannot be developed without consideration of the others.
Project design (or planning) and project evaluation are intimately 
related because of their respective functions of prediction and veri­
fication. Critical design elements should include an explicit state­
ment of project purposes, the pre-conditions for achieving these pur­
poses, the significance of the purposes and of the causative linkages 
leading to these purposes and to higher goals. The design must also 
incorporate key evaluation elements such as the collection of base- 
rate key evaluation elements and base-line data, the formulation of 
specific progress indicators, and possibly the use of both control
and experimental areas.
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Evaluation is defined by USAID as the restrospective 
analysis of experience to determine what happened and why. It is 
intended to answer three basic questions:
(1) Effectiveness: Were the planned targets achieved?
(2) Significance: Did they make a substantial
contribution to development?
(3) Efficiency: Did the benefits justify the costs?
For all on-going technical assistance projects, USAID 
requires missions to conduct an annual project review intended to 
assess progress along the lines indicated in the Logical Framework 
in Figure 4.1 and to facilitate any necessary replanning.
From the foregoing the following improved cycle is, therefore, 
recommended for project planning and management in the ADB (Figure 4.2).
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FIGURE 4.1
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Source: USAID, cited in Amerasinghe (1978).
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CHAPTER 5
V 1
PROBABILITY APPRAISAL OF SELECTED PROJECTS
In this chapter the methodology of risk analysis and the 
results from the probability appraisal, are discussed. The appl .1 cation 
of probability analysis to two selected projects (pineapple and maize) 
financed by the ADB are compared with original results of the same 
projects obtained by conventional analysis.
5.1 Methodology of Probability Appraisal or Risk Analysis
The purpose of risk analysis is to eliminate the need for 
restricting one's judgement to a single pessimistic, optimistic, or 
'best' evaluation, by carrying throughout the analysis a complete 
judgement on the possible range of each variable and on the likeli­
hood of each value within this range. At each step of the analysis, 
these judgements are combined at the same time as the variables 
themselves are combined. As a result, the product of the analysis is 
not just a single value of the decision variable, but is a judgement on 
the possible range of the decision variable around this value, and a 
judgement on the likelihood of each value within this range.
These judgements take the form of probability distributions. 
That is to say, each possible value of each variable is associated 
with a number between 0 and 1, such that for each variable the sum of 
all these numbers or probabilities is equal to 1. The probabilities, 
which are called subjective probabilities because they represent some 
degree of subjective judgement , follow all the rules of traditional 
probability theory. From a mathematical point of view, risk analysis,
1 All 'subjective" judgements that we are likely to obtain from 
experts are based on some sort of 'objective' experience. For 
example, usually the past record of similar events leads the 
expert to attach more importance to one outcome than another.
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therefore, conuiuta of aggregating probabilities. I f iL is thoucjht, 
for instance, that X, Y and Z are independent events (that is, that 
their outcomes are in no way correlated), then the probability calculus 
tells us tint the probability of encountering a combination of the 
most unfavourable outcomes of all tliree events is the product of the 
probabilities of the most unfavourable outcome of each event. If the 
most unfavourable outcomes are X^, and , and the respective 
probabilities are p , p^ and p^, then p (X^Y^Zf) = t l^c
various ways in which this can be done, the one which, according to 
Pouliquen (1971, p.3), seems best fitted to risk analysis is the 
Monte Carlo simulation technique - sometimes referred to as stochastic 
simulation.
The idea underlying the Monte Carlo technique is quite 
simple. When we say that a project has a 40 per cent chance of 
earning a 10 per cent return, we mean that if W2 had a great number of 
similar projects we would expect about 40 per cent of them to earn a 
10 per cent return. Conversely, if we had a great number of projects 
and if 40 per cent of them earn a 10 per cent return, we could say 
that the probability of a 10 per cent return is 40 per cent. Hence 
the simplest application of the Monte Carlo simulation is to build 
a great number of projects with the characteristics of the one we 
are interested in, and see how many of them earn 10 per cent, 15 per 
cent, 20 per cent, etc. In practice, the value of each of the un­
certain variables is chosen by random selection, and the rate of 
return or some other decision variable is computed for the project
defined by these values.
93
(a) Formulation of Anticipations
The first step of risk analysis is to select the uncertain 
variables and to assign to each variable a probability distribution.
From either 'objective' experience, 'subjective' judgements or sensi­
tivity analysis, we would have found out that the variation of the 
rate of return or some other indicator of worthiness was essentially 
explained by the variations of these variables or uncertain events.
The second step is to split up the values of the uncertain 
variables into divisions. Here, we determine the possible range of 
values for each variable, i.e. values that they are unlikely to exceed; 
values that they are unlikely to fall below; the most probable value; 
etc. We then assign a probability to the value of each division 
according to its chance of occurring. (In this particular analysis, 
each uncertain variable was assigned five divisions, each division 
being 10 per cent greater or less than the next division and the 
probability values being different for each division according to 
their likelihood of occurrence. Refer to Appendix D.l for the divisions 
and their assigned probabilities.)
(b) The Simulation
This step in the proposed approach is to determine the 
returns that will result from random combinations of the factors 
involved in the cost-benefit analysis of the project. Random combina­
tions or sampling is done by the use of pseudo-random numbers. These 
are numbers which are generated by the computer in such a way that any 
number has as much chance of occurring as any other number in that
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there is no bias of any sort favouring one number against any other. 
Random values for each of the parameters varied in the analysis are 
combined to compute the rates of return and the process is repeated 
unlil enough values are obtained (10,000 times in this case) to give 
the observed distribution of the result. The computer is then further 
instructed to print the result in a cumulative probability distribution 
of the rate of return.
Appendix D.2 illustrates a flow chart for use in the 
Monte Carlo simulation for risk analysis.' The Monte Carlo Simulation 
Program appears in Appendix D.3 and Appendix D.4 depicts an example 
of a simulation loop.
In a simulation, the random numbers, once they have been
/
generated, are 'associated* with the relative probabilities of the 
factor being simulated in such a way that the more probable values of 
the factor are picked appropriately more often.
(c) The Choice of Probability Distribution
The Step Rectangular Distribution in its discrete form 
has been identified by Pouliquen (1970) as one of the most attractive 
and reliable distributions for use in this type of analysis. It has, 
therefore, been adopted for use in this exercise. A number of reasons 
are attributed to its usefulness. In the first place, it takes 
explicit advantage of the fact that the quantification of subjective 
probability judgements, in both theory and practice, is based on 
preference ranking. It also has the advantage that it can be drawn 
up by the appraiser himself. He has the freedom to choose whatever 
intervals or ranges he wants. This complete freedom of initiative,
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w h i c h  he l a c k s  i n  t h e  e a s e  o f  mosL o t h e r  d i s t r i b u t i o n s ,  see ms  t o  
h e l p  him c o n s i d e r a b l y  i n  t h e  e x p r e s s i o n  o f  h i s  j u d g e m e n t .
I n  u s e ,  t h i s  d i s t r i b u t i o n  h a s  p r o v e n  t o  b e  r e l i a b l e .
When t h e  d a t a  g e n e r a t i o n  p r o c e s s  h a s  b e e n  r e p e a t e d  f o r  s e v e r a l  d i s ­
t r i b u t i o n s  a f t e r  a p e r i o d  o f  t i m e ,  i t  h a s  u s u a l l y  come up  w i t h  t h e  
same o r  a  v e r y  s i m i l a r  r e s u l t .  I t  i s  a l s o  a d i s t r i b u t i o n  w h i c h  f i t s  
w e l l  w i t h  t h e  r u l e  o f  u s i n g  a l l  t h e  i n f o r m a t i o n  a v a i l a b l e  b u t  n o t  
r e q u i r i n g  m o r e .  I f  t h e  a p p r a i s e r  t h i n k s  t h a t  he c a n  e x p r e s s  more  
a c c u r a t e l y  a  j u d g e m e n t  he  h a s  j u s t  made ,  he  ca n  s u b - d i v i d e  i n t e r v a l s  
o n e  s t e p  f u r t h e r  and c r e a t e  a  more d e t a i l e d  d i s t r i b u t i o n .  I f ,  o n  t h e  
c o n t r a r y ,  he t h i n k s  t h a t  he w i l l  bo y u e s s i n g  t o  s a y  t h a t  o n e  v a l u e  i n  
an i n t e r v a l  i s  more p r o b a b l e  t h a n  a n o t h e r ,  he may s t o p  s u b - d i v i d i n g .  
F u r t h e r m o r e ,  t h i s  d i s t r i b u t i o n  l e n d s  i t s e l f  t o  some m i n o r  a d j u s t m e n t s  
t o  g i v e  i t  a  f i n a l  p o l i s h .
O t h e r  d i s t r i b u t i o n s  w h i c h  h a v e  b e e n  t e s t e d  f o r  t h i s  t y p e  
o f  a n a l y s i s  by  P o u l i q u e n  (1970) a r e  t h e  B e t a ,  u n i f o r m  an d  n o r m a l  
d i s t r i b u t i o n s .  The B e t a  d i s t r i b u t i o n  was  t e s t e d  t o  f i l l  t h e  g a p  
b e t w e e n  t h e  s t e p  r e c t a n g u l a r  d i s t r i b u t i o n ,  f o r  w h i c h  d e t a i l e d  i n f o r m a ­
t i o n  i s  n e e d e d ,  an d  t h e  u n i f o r m  d i s t r i b u t i o n ,  f o r  w h i c h  m i n i m a l  
i n f o r m a t i o n  i s  n e e d e d .  Use o f  t h e  B e t a  d i s t r i b u t i o n  was s u g g e s t e d  
by t h e  w i d e  u s e  made o f  i t  i n  t h e  PERT s y s t e m  (P ro g ram  E v a l u a t i o n  
an d  Review T e c h n i q u e ) .  The B e t a  d i s t r i b u t i o n  i s  e n t i r e l y  d e f i n e d  i f ,  
i n  a d d i t i o n  t o  i t s  r a n g e ,  o n e  f i x e s  two p a r a m e t e r s .  The l i t e r a t u r e  
on  PERT"*" s u g g e s t s  u s e  o f  t h e  mode an d  a  s t a n d a r d  d e v i a t i o n  e q u a l  t o
1 S e e ,  f o r  e x a m p l e ,  Malcom, Roseboom, C l a r k  a n d  F a z a r  ( 1 9 5 9 ) .
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FIGURE 4.2
ORGANIZATIONAL CHART FOR PROJECT MANAGEMENT UNITS
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They have  o n l y  u s e d  i t  on  o n e  o c c a s i o n  when t h e  a v a i l a b i l i t y  o f  
an  e x c e p t i o n a l  am oun t  o f  d a t a  p e r m i t t e d  a  s t a t i s t i c a l  a n a l y s i s ,  
a n d  i t  t u r n e d  o u t  i n  t h e  a n a l y s i s  t h a t  a Normal  d i s t r i b u t i o n  was 
a  good c h o i c e .  B u t ,  e x c e p t  i n  r a r e  c a s e s ,  t h e y  f e e l  t h a t  t h e r e  i s  
p r o b a b l y  no j u s t i f i c a t i o n  f o r  e x p r e s s i n g  a s u b j e c t i v e  j u d g e m e n t  by 
a Normal d i s t r i b u t i o n .
In  h i s  a n a l y s i s  o f  m o n t h l y  r u b b e r  p r i c e s ,  A l l e n  ( 1 9 6 9 ) ,  
c i t e d  i n  E t h e r i n g t o n  ( 1 9 7 7 ) ,  fo u n d  a  c l o s e  c o n f o r m i t y  o f  t h e  p r i c e s  
t o  a l o g - n o r m a l  d i s t r i b u t i o n  w h i c h ,  A l l e n  s u g g e s t s ,  r e i n f o r c e s  ' t h e  
p o i n t  t h a t  p r i c e  i s  d e t e r m i n e d  by a  l a r g e  number  o f  i n d e p e n d e n t  
f a c t o r s  ( m a r k e t  f o r c e s ) ' .  T h i s  f u r t h e r  g o e s  t o  p r o v e  t h e  a s s u m p t i o n  
t h a t  i t  i s 1 u n r e a l i s t i c  t o  d e v e l o p  ' e c o n o m e t r i c  m o d e l s '  w h i c h  p u r p o r t  
t o  p r e d i c t  s i n g l e  v a l u e d  p r i c e s .  Any r e a l i s t i c  f o r e c a s t  w o u ld  nee d  
t o  t a k e  a c c o u n t  o f  p r o b a b i l i t i e s ,  w h i c h  means  t h a t  o n e  m us t  f o r e c a s t  
n o t  o n l y  mean p r i c e s  b u t  a l s o  t h e  s c a t t e r . T h i s  w o u ld  be  a ‘ f o r m i d a b l e  
e x e r c i s e  an d  i t  i s  by  no means  c e r t a i n  t h a t  t h e r e  i s  any r a t i o n a l  
p r o c e d u r e  f o r  c a r r y i n g  i t  o u t ! -  The Monte C a r l o  t e c h n i q u e  u s e d  i n  
t h i s  a n a l y s i s  i s  a  r a t i o n a l  p r o c e d u r e  f o r  g e n e r a t i n g  s u c h  a s c a t t e r  
o f  p r i c e s .
(d) D a ta  f o r  t h i s  A n a l y s i s
Two a g r i c u l t u r a l  p r o j e c t s  ( p i n e a p p l e  an d  m a i z e )  s e l e c t e d  
f r o m  t h e  ADB's l o a n  p o r t f o l i o  have  b e e n  u s e d  i n  t h i s  s t u d y  ( c o p i e s  o f  
t h e  f e a s i b i l i t y  r e p o r t s  o n  t h e  p i n e a p p l e  an d  m a i z e  p r o j e c t s  a r e  f o u n d  
i n  A p p e n d i c e s  B . l  an d  B . 2 ) .
(e) The U n c e r t a i n  V a r i a b l e s
E l e v e n  u n c e r t a i n  v a r i a b l e s  a r e  i d e n t i f i e d  b u t  t h e y  d i f f e r  
somewha t  b e t w e e n  t h e  two p r o j e c t s .  T h e s e  a r e  shown i n  T a b l e  5 . 1 .
TABLE 5 . 1
RANDOM VARIABLES INCLUDED IN THE PINEAPPLE AND MAIZE PROJECTS
I te m
P i n e a p p l e
P r o j e c t s
Mai zo
1 . L a b o u r  c o s t  f o r  e s t a b l i s h m e n t 1 0
2. C o s t  o f  p l a n t i n g  m a t e r i a l 1 0
3. Farm  m a i n t e n a n c e  c o s t 1 1
4. F e r t i l i z e r  c o s t 1 1
5. F lo w e r  i n d u c t i o n 1 0
6. H a r v e s t i n g  c o s t s 1 1
7. S a l a r i e s  an d  w ages 1 1
8. R u n n in g  c o s t s  o f  t r a c t o r 1 1
9 . Y i e l d 1 1
10. P r i c e  o f  p r o d u c e 1 1
11. V e h i c l e  r u n n i n g  c o s t s 1 0
T o t a l  Number o f  Random V a r i a b l e s 11 7
(
N o te :  1 s t a n d s  f o r  i n c l u s i o n  an d  0 f o r  t h e  u s e  o f  a dummy v a r i a b l e
b e c a u s e  t h e  v a r i a b l e  i s  i r r e l e v a n t  i n  t h e  p r o j e c t .
In  v ie w  o f  t h e  m a r k e t  d i s t o r t i o n s ,  i n a p p r o p r i a t e  g o v e r n ­
m en t  p r i c e  p o l i c i e s  and  i n f l a t i o n a r y  t r e n d s ,  v a l u e s  o f  t h e  v a r i a b l e s  
i d e n t i f i e d  h av e  t e n d e d  t o  v a r y  w i d e l y  fro m  e x p e c t e d  v a l u e s  and  a n y  
a t t e m p t s  t o  a s s i g n  ' b e s t '  e s t i m a t e s  t o  them  w o u ld ,  t h e r e f o r e ,  be  
i n a p p r o p r i a t e .
The l i f e  o f  t h e  p r o j e c t s  h a s  n o t  b e e n  c o n s i d e r e d  i n  t h e  
a n a l y s i s  i n  v ie w  o f  i t s  medium t e rm  n a t u r e ,  i . e .  l e s s  t h a n  s i x  y e a r s  
in  e a c h  c a s e .  •*-
1 The p i n e a p p l e  and  m a iz e  p r o j e c t s '  l i v e s  s h o u l d  a c t u a l l y  go beyond  
t h e  5 and  4 y e a r  p e r i o d s  r e s p e c t i v e l y  u s e d  i n  t h e  a n a l y s i s .  
H ow ever, t h e s e  y e a r s  h av e  b e e n  u s e d  a s  a  r e s u l t  o f  t h e  ADB's 
s p e c i a l  e m p h a s i s  on t h e i r  p a y - b a c k  p e r i o d s .  T h e i r  s a l v a g e  v a l u e s  
a r e  a l s o  n o t  c o n s i d e r e d  f o r  t h e  same r e a s o n .  The e f f e c t  o f  t h i s  
a n a l y s i s  i s  t h a t  b e n e f i t s  h av e  b e e n  u n d e r - e s t i m a t e d .
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5.2 The Analytical Approach
The Monte Carlo Simulation technique was adapted for use 
in the probability appraisal. In this analysis, the eleven uncertain 
variables listed in Table 5.1 whose variations have essentially 
explained variations of the rate of return were first identified for 
each project. The identification of these variables was based on the 
author's objective experience and subjective judqoments on their wide 
variations from expected values in view of market distortions, 
inappropriate government price policies and inflationary trends in 
Ghana. The values of the uncertain variables were split up into 
divisions by determining the possible range of values for each vari­
able, i.e. values that they are unlikely to exceed, values that they 
are unlikely to fall below, the most probable value, and so,on. Each 
of the values was then assigned with a probability according to its 
chance of occurring (the various divisions, range of values and their 
assigned probability distributions for the pineapple project, are 
depicted in Appendix D.l).
The next step in the proposed approach was to determine the 
returns that would result from random combinations of all the factors 
involved in the financial cost-benefit analysis of the project. Random 
sampling was achieved by the use of pseudo-random numbers generated 
by the computer. Here random values for each of the parameters varied 
in the analysis were combined to give the observed distribution of the 
result. The computer was then further instructed to plot the results 
in cumulative probability distributions of the IRR, NPV and ROI which 
are used for the comparative discussion that follows later in this
chapter.
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In this analysis, 10,000 simulations were generated to ensure 
that, with the largo enough samples, chances were high that the sample 
distributions would nearly approximate the 'true* distribution. In 
fact it appears from results of different numbers of simulations indi­
cated in Appendices E.l and E.2, that the minimum number of simulations 
which gives the expected mean and standard deviation is 100. However, 
the cumulative probability distribution curves for this and other low 
numbers of simulations are not smooth enough and cannot be used for 
proper interpretation of likelihoods of occurrence. They can only be 
used when they are smoothed with the program subroutine meant for 
that purpose. The minimum number of simulations which gives an ideal 
smoot h curve without: the use of the subroutine np|>ears to be 5000.
This is evidenced by a comparative study of the different numbers of 
simulations done for the two projects and which appear in Appendices 
E. 3 and E .4 .
In the conventional analysis, single-valued estimates of 
all the project variables were used in a financial cost-benefit analysis 
to arrive at a cash flow; that is, the variables were not classified 
as certain and uncertain and a 10 per cent contingency allowance was 
included as a buffer fund. Single-values of the IRR, NPV and ROI were 
then calculated for use as indicators of the project's worth.
5.3 Comparative Study of Results from the Conventional Analysis with 
Results Obtained in the Probability Appraisal of the Pineapple 
Project
5.3.1 Results Based on the Conventional 
Appraisal Technique
Table 5.2 below shows a summary of the financial cost-
bon of i t analysis of tho pineapple project bast'd on the use of sinylo
value costs and benefits estimates.
1 0 1
TABLE f>.2
SUMMARY OF FINANCIAL, COST-BENKFJT ANALYSIS OF THE 
(BASED ON SINGLE-VALUED ESTIMATIONS OF COSTS
FtNFAFPLK PROJECT 
AND BENEFITS)
Year 1 Year 2 Year 3 Year 4 Year 5
A. CAPITAL INVESTMENT 4473UU 112200 149600 - -
B. DIRECT PRODUCTION COSTS
Total 16500 37620 64240 7 0400 7 04 00
C. INDIRECT PRODUCTION COSTS 
Total 284360 387260 388990 390620 392250
TOTAL COSTS (A + B + C) 748160 537080 602830 461020 462650
TOTAL INVESTMENT
(ie Costs loss Depreciation
and Interest) 629240 418160 483910 342100 343730
Cumulative Investment 629240 1047400 1531310 1873410 2217140
BENEFITS - 360000 720000 1200000 1200000
NET PROFIT/LOSS
(Benefits-Costs) (748160) (177080) 117170 738980 . 737350
Cumulative Net Profit/Loss (748160) (925240) (808070) (69090) 668260
CASH FLOW
(Net Profit/Loss +
Depreciation) (697290) (126110) 168040 789050 788220
Cash Flow Discounted at 10% (633836) (104167) (126198) 539468 489485
NPV at 10% = £417,148 
ROI (Average) = 30.14 per 
IRR = 27 per cent
Footnotes:
1 Negative figures in parentheses.
2 Capital Investment - These cover all the cx[x:nditurc on land development, cost of 
establishment, machinery and tools, buildings, office equipment and planting 
material which has been capitalised in this case.
3 Direct Costs - These cover operating expenses and include such items as farm 
maintenance costs, fertiliser costs, flower induction costs and harvesting expenses.
4 Indirect Costs - Indirect costs constitute the expenditures on salaries and wages, 
overhead expenses such as interest, insurance, depreciation, maintenance of buildings, 
running costs of tractors and vehicles, postage and stationery and land rent.
5 Benefits - They constitute sales from pineapple harvests.
6 Cost and benefit figures in cedis.
7 Depreciation is based on the expected lives of the capital items involved.
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The values of three indicators of worthiness obtained 
in the analysis are presented below:
NPV at 10 per cent = £417,148 
IRR = 27 per cent
R01 = 30.14 }x.?r cent:
A verification test carried out on the conventional analysis 
with the computer to check the validity of the program used for 
probability analysis however, indicated the following results:
NPV at 10 per cent = £433,984-. 0 
IRR = 28 per cent
ROI = 31.53 per cent
The verification results’*- appear reasonably close to the
/
actual results used by the ADB. The slight differences are due to 
errors in rounding. To all intents and purposes, therefore, the 
program is valid.
5.3.2 Results Based on Probability Appraisal
The overall results of the probability analysis for the 
IRR, NPV and ROI calculations derived from 10,000 simulations in each 
case are summarised by the cumulative probability distributions in 
Figure 5.1
The observed distributions fit fairly closely to the 
theoretical normal distribution. Therefore, normal distribution tables
1 These results are used in the comparative study.
FIGURE 5.1 1 05
CUMULATIVE PROBABILITY DISTRIBUTIONS OF THREE INDICATORS OF WORTHINESS
(PINEAPPLE PROJECT)
Number ot Simulations = 10,000
l/L IS per cent 
. = 14.70 per cent
I ,'K VAI.MK ( 1
i ;
Mean
Dev.
NPV Values (d'OOO)
The difference between two intervals
* V a l u e s  i l l u s t r a t e d  in r e s u l t ! » .
Mean = 7.7 per cent
St. Dev. = 14.23 per cent
®  30 -27 -2 4 -21 - 1 8  -1 5  -1 2  - 9  - 6  - 3  0 12 15 10 21 24 27 30 33 36 39 42 45 48 51 54 57 60ROI VALUE C*)
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can bo used in these canon for makiny statements on Lhc ox font: to 
which uncertainties surrounding the project translate into uncertain­
ties about the realisable rates of return or net present value.
The following mean values under probability analysis
{
were obtained:
NPV = 070,996.61
1RR = 12.35 per cent
ROI = 7.7 per cent
The mean values are those observed from the random sample of 10,000
simulations. If, for instance, x, x„ ..., x represent a random1 2  n
sample of size n, then the sample mean has the value:
/
n
E x^ 
i=lx = -----n
The mean values constitute the mid-point of the probability distributions. 
5.3.3 Discussion of Results
Results from the probability analysis indicate that the 
expected (mean) figures of the NPV, IRR and ROI are considerably less 
than estimated by the conventional analysis for the pineapple project: 
about one sixth of the NPV estimate; about half the IRR result 
and about one quarter of the ROI figure. This is an indication 
that highly optimistic single-valued estimates had been used in 
the conventional analysis whereas in the probability analysis a range 
of values had been used; it also reflects the fact that each value in
the range has been weighted by the chances of its occurrence. In fact,
the general result of carefully weighing the information available is 
to indicate the true nature of an otherwise seemingly very satisfactory 
.Investment ]>roi*)Sal. The now analysis may thus help management to 
avoid an unwise investment.
In addition, let us examine the implications of the detailed 
knowledge the simulation method gives us. Under the convent ional 
analysis, using single expected values, the values of 0417,140 NPV,
27 jx^ r cent TRR or 30.4 per cent ROT are presented to management for a 
decision on the project (which, from all indications, arc not right 
unless there is no variability In the various input factors - a highly 
unlikely event). On the other hand, with the probability analysis, 
the uncertainties are clearly portrayed in Table 3.2 .
Values in the table have been obtained from the cumulative 
probability distributions indicated in Figure? 5.1. From the table wo
find, for example,that there is a 6.5 per cent probability that a zero 
rate or less of IRR will be achieved, a 55 per cent chance that an NPV 
of 070,000 or less will be achieved and a 96 per cent probability that 
an ROI of 30 per cent or less will be achieved. Alternatively, we can 
say that there is a 54.5 per cent probability that the IRR will exceed 
10 per cent, a 9 per cent probability that the NPV will exceed 0215,000 
and a 38 per cent chance that the ROI will exceed 10 per cent.
The cumulative probability distributions can also be used 
to determine the probability that the rate of return on NPV will fall 
within a given range: we take the difference along the ordinate of the
two extreme points of the range. For example, we find from the
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CUMULATIVE PROBABILITY DISTRIBUTIONS OF THREE INDICATORS OF WORTHINESS
(MAIZE PROJECT)
Number of Simulations = 10,000
Mean
St. De v.
Nl’V VAI.1 IKS (f)
The difference between two interval;! 100
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IRR d i s t r i b u t i o n  t h a t  t h e r e  i s  e b o u t  an OB per c e n t  c h a n c e  t h a t  the  
r a t e  o f  r e t u r n  w i l l  be b e tw een  20 and 25 per  c e n t .  The f i g u r e  a l s o  
shows t h a t  t h e  p r o b a b i l i t y  o f  g e t t i n g  a r e t u r n  i n f e r i o r  t o  27 per  
c e n t ,  t h e  IRR we o b t a i n e d  in  t h e  c o n v e n t i o n a l  a n a l y s i s  u s i n g  b e s t  
e s t i m a t e s  f o r  e a c h  v a r i a b l e ,  i s  OB per c e n t ,  but  th e  p r o b a b i l i t y  o f  
g e t t i n g  more i s  o n l y  2 p e r  c e n t .  So ,  a t  f i r s t  g l a n c e ,  th e  r e s u l t s  
o f  t h i s  r i s k  a n a l y s i s  seem t o  i n d i c a t e  t h a t  d o u b t s  a b o ut  t h e  l i k e l i ­
hood o f  t h e  27 per  c e n t  r a t e  o f  r e t u r n  were f u l l y  j u s t i f i e d .
The p r o b a b i l i t y  a n a l y s i s  t h u s  g i v e s  u s  a c o m p l e t e  p i c t u r e  
o f  t h e  p r o j e c t  and e n a b l e s  q u a n t i f i c a t i o n  o f  p r o j e c t  r i s k  -  n o t ,  o f  
c o u r s e ,  th e  ' t r u e '  r i s k ,  but  t h e  r i s k  a s  i t  ajopeared to  t h e  p r o j e c t  
anaJ.ysL. The p r o b a b i l i t y  d i s t r i b u t i o n s  o f  th e  IRR, Nl’V and ROl, or  
w h i c h e v e r  i n d i c a t o r  o f  w o r t h i n e s s  i s  o p t e d  f o r ,  summarises  t h i s  r i s k ;  
one c o u l d  s a y  t h a t  i t  r e p r e s e n t s  t h e  c o m p l e t e  judgement  o f  t h e  p r o j e c t  
a n a l y s t .
The mean r a t e  o f  r e t u r n  i s  p a r t i c u l a r l y  h e l p f u l .  I t  
i n d i c a t e s  t h a t ,  on b a l a n c e ,  we c o u l d  e x p e c t  t h e  p r o j e c t  t o  y i e l d  an 
IRR o f  1 2 . 3 5  per  cent ;  t h i s  i s  t h o u g h t  t o  be a c c e p t a b l e  s i n c e  t h e  
a v e r a g e  d i s c o u n t  r a t e  has  been e s t i m a t e d  a t  about  10 p e r  c e n t .  On 
t h e  b a s i s  o f  t h i s ,  t h e  p r o j e c t  c o u l d  bo recommended f o r  f i n a n c i n g .
However,  d e s p i t e  t h i s  a c c e p t a b l e  mean v a l u e ,  th e  s ta n d a rd  d e v i a t i o n  
i s  h i g h  ( 1 4 . 7 0  per  c e n t  i n  t h i s  c a s e )  so  t h a t ,  i n  f a i r n e s s ,  t h e  
p r o j e c t  c o u l d  be t h o u g h t  t o  be s t i l l  r i s k y .  The p r o b a b i l i t y  o f  
g e t t i n g  lo w e r  r a t e s  o f  r e t u r n  i s  a p p a r e n t .
In p r e s e n t i n g  t h i s  d e c i s i o n ,  management: i s  b e i n g  p r e s e n t e d  
a l l  th e  i n f o r m a t i o n  n e c e s s a r y  t o  ch eck  t h i s  recomm endatio n ,  and p o s s i b l y  
t o  o v e r - r u l e  i t .  I f  we had p r e s e n t e d  t h e  27 per c e n t  IRR found in  t h e  
b e s t  e s t i m a t e s  c a l c u l a t i o n ,  t h e  s i t u a t i o n  would have been q u i t e  d i f f e r e n t .
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Management would have been acting in l ho dark. Tn fact, it would not 
have boon [jossi.b.to for anybody but the project analyst to evaluate the 
risk of the project. We would have been recommending the financing of 
a project earning a 27 per cent IRR after having already decided that 
the risk of the project was accept ab I o. Thin in seen by I’ouliguon 
(19/0) to bo 'a dangerous mixing of analysis and decision-making'.
5.3.4. Sensitivity Analysis
A sensitivity analysis on the pineapple project was done 
with six of the uncertain variables which are considered most critical, 
viz. salaries and wages, farm maintenance'costs, running costs of
;i|
vehicles, running costs of tractor, yield and price of produce, to see the 
effect on the overall results obtained with eleven uncertain variables.
The procedure adopted was to consider the five other uncertain variables 
as certain by assigning a probability of one to the base figure for 
each of them. The six most critical uncertain variables were assigned 
the same probabilities as before and . two hundred simulations were run 
to obtain the following results:
IRR (%) NPV(C) ROI(%)
Mean Stand. Dev. Mean Stand. Dev. Mean Stand. Dev.
15.37 17.15 143,638 245,081 11.91 16.78
Results obtained with two hundred runs for the eleven uncertain variables
are also indicated as follows:
IRR(%) NPV (C) ROI (%)
Mean Stand. Dev. Mean Stand. Dev. Mean Stand. Dev.
12.28 14.66 70,397 215,199 7.69 14.06
5.4 Comparative Study of Results from the Conventional Analysis with
Results Obtained in the Probability Appraisal of the Maize Project
5.4.1 Results Based on the Conventional 
Appraisal Technique
Table 5.4 gives a summary of the financial cost-benefit 
analysis of the maize project based on the conventional method.
Results from a verification process are indicated as
follows:
NPV at 10 per cent = £04,045.46
ROI = 38.90 per cent
IRR > 50 per cent
5.4.2 Results Based on Probability Appraisal
The following Figure 5.2 indicates summaries of the
overall results of the probability analysis for the NPV, IRR and 
ROI calculations derived from 10,000 simulations. Here the observed 
distributions for the NPV and ROI figures again fit fairly closely
to the theroetical normal probability distribution. The IRR distribu­
tion appears like a single point in view of the fact that all the 
values are over 50 per cent.
The following mean values under probability analysis 
were obtained:
1 Any discrepancies with ADB’s results are due to errors in rounding.
TABLE 5.4
SUMMARY OF FINANCIAL COST-BENEFIT ANALYSIS OF THE MAIZE PROJECT
(BASED ON SINGLE-VALUED ESTIMATIONS OF COSTS AND BENEFITS)
Y ea r 1 Year 2 Year 3 Year 4
A. CAPITAL INVESTMENT 
Total 63960
B. DIRECT PRODUCTION COSTS 
Total 1 0260 1 0260 1 0260 .10260
C. INDIRECT PRODUCTION COSTS 
Total 32251 20751 20751 20751
TOTAL COSTS (A + B + C) 106471 31011 31011 31011
TOTAL INVESTMENT
(Less Interest, Depreciation 
and Commitment Fee) 93820 23260 23260 23260
Cumulative Investment 93020 117000 140340 163600
BENEFITS 624 00 62400 62400 . 62400
NET PROFIT/LOSS 
(Bencfits-Costs) (44071) 31389 31389 , 31389
Cumulative Net Profit/Loss (44071) (12682) 18707 50096
CASH FLOW (36320) 39140 39140 ‘ 39140
Cash Flow Discounted at 10% (33014.88) 32329.61 29394.14 26732.62
NPV at 10% = (255441.52
ROI (Average) = 30.62 per cent
IRR = >50 per cent
Footnotes:
1 Negative figures in parentheses.
2 Capital Investment - Items under this include cost of machinery and 
implements, farm shed and buildings.
3 Direct Costs - These include expenses for seed, fertiliser, herbicides, 
liarvesting and handling.
4 Indirect Costs - They constitute wages and salaries, maintenance of 
machinery and equipment, land rent, fuel and lubricants, insurance 
and licensing, depreciation and interest.
5 Benefits - Constitute revenue from sale of maize harvest.
6 Cost and benefit figures in cedis.
7 Depreciation is based on the expected lives of the capital items involvet
IRR >50 per cent
ROI = 53.81 per cent
5.4.3 Sens! t iv.ity Ana lysis
A similar sensitivity analysis to that undertaken for 
pineapple was undertaken for the maize project. Here the original seven 
random variables (see Table 5.1) were reduced by a further two 
(fertiliser cost and harvesting costs) to'leave five random variables 
for this analysis. Again the same probabilities were assigned as in 
the original, but only 200 simulations were run. The following results 
were obtained:
Number of
Random
Variables
IRR(%) NPV (<?) ROI (%)'
Mean Stand. Dev. Mean Stand. Dev. Mean Stand. Dev
7 50 50 90,778 92,250 54.54 55.67
5 50 50 94,295 95,833 57.85 59.22
The direction of the movement here is the same as in the
pineapple case, that is to say both means and standard deviations
increase, although the extent of the increase here is very much less. 
This suggests that the inclusion of a large number of random variables 
has a dampening effect on the variability (somewhat similar to the idea 
of "countervailing oversimplifications" (Kulp, 1970, p.221) and the 
fact that only a few variables might end up as truly random provides 
little cause of comfort. It becomes increasingly critical that more 
detailed analysis be undertaken of the individual key variables.
A compar.it i vo a n a l y u i  r, o f  Mu' two . sol s  o f  r e s u l t s  i n d i c a t e
su b s ta n t i a l  increase's in the moan and standard dovial i on f igures  as a 
r e s u l t  of the s e n s i t i v i t y  an alys is .  This goes to s trengthen the fac t  
th a t  in the c o s t - b e n e f i t  ana ly s i s ,  some of the va r ia b le s  have uncerta in  
outcomes and they ct.Ltlca.liy at l oci the ovoi.nl I resu l t s  ol pt ojeel s.
I t  becomes necessary, the re fo re ,  to Ldenlily these vat I ubJ.es and to 
use them in a p ro b ab i l i t y  app ra isa l  lor  more meaningful and b o l t e r  
judgement.
I t  i s  in t e r e s t i n g  to note from the r e s u l t s  tha t  in the pro­
b a b i l i t y  ana ly s is  for  t h i s  (maize) p ro je c t ,  the expected (mean) r e s u l t s  
of the NPV and ROI are about one and a hal f  times those obtained under the 
conventional ana ly s i s .  The ind icat ion  i s  th a t ,  unlike  the conventional 
an a ly s i s  of the pineapple p ro jec t  in which highly o p t im is t i c  es t imates  
were used, very conservat ive es t imates  were used in t h i s  case, hence 
the very high mean values of the r e s u l t s  under p ro b ab i l i t y  ana ly s i s .
(The cu rren t  extremely high market p r ice  of maize in Ghana lends 
credence to t h i s  ind ica t ion .  Maize p r ice  has more than t r i p l e d  since 
the o r ig in a l  r epo r t  was prepared about four years ago.) There i s  no 
means for comparing the  IRR values in both the conventional and 
p ro b a b i l i t y  analyses  since in each case the mean value i s  over 50 per 
cent .  However, the over 50 per cent IRR at ta in ed  in each case i n d i ­
ca tes  th a t  the p ro jec t  i s  highly v iable  and a decision based on tha t  
in d ica to r  alone could have been taken i r r e s p e c t iv e  of  the method of 
an a ly s i s  used. The p ro b a b i l i t y  an a ly s i s ,  however, as already discussed,  
gives a b e t t e r  ind ica t io n  of investment r i s k .
CHAPTER 6
SUMMARY AND CONCLUSIONS
6.1 Summary of Research Findings and Implications
The first part of the study highlights the importance of 
ugrieuJLute in Ghana'a economy. However, despile the APB's major 
responsibility and efforts in this all imixjrtanL facet of the economy, 
there are a number of serious problems and deficiencies which need to 
be handled properly for better project planning and management.
A careful examination of the project planning and manage­
ment cycle of the ADB has unearthed some serious flaws in project 
identification and selection, formulation, project approval, imple­
mentation, supervision, monitoring and control procedures.
The identification and selection stages have not been well 
executed because of a lack of supporting data and a proper compendium 
of essential statistics for the economy and the agricultural sector, 
including an analytical presentation of the structural indicators of 
the economy and the agricultural sector, with particular emphasis on 
the inter-relationship between the two'. Some problems also arise in 
the coordination of projects with the national development plan and 
they include: lack of strong political and administrative support for
national plans among operating ministries responsible for project 
implementation; ineffective communication of plan goals to the Bank 
and other allied organisations with investment resources; and the
failure to specify projects required for plan implementation. Shortage
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of adequately trained planners and specialists in central planning 
agencies and operating ministries and the Dank itself compounds the 
problem.
Other bottlenecks have been the promotion of 'pet projects' 
by individuals and groups within government agencies, the ADB, and even 
international assistance organisations. Long lag periods in the pro­
cessing of project- proposals by government agencies and funding organ­
isations have also caused problems.
In the formulation of projects, most analyses have not 
been supported by the findings of surveys and other relevant informa­
tion on physical resources, jxDpulation and employment, economic and 
social infrastructure, institutions, economy and agriculture of the 
project area. In defining project objectives, secondary objectives, 
if any, have not been emphasised and there has not been structuring 
of primary objectives which is important from the point of view of 
defining various project activities and establishing the logical 
sequence between them. The presentation of proposed major works and 
other essential components which ought to be established to bring 
projects to the stage of full development have not been fully detailed 
to provide a clear picture of their nature and scope and to enable 
the estimation of costs to be made with a fair degree of reliability.
Management and organisation which form an important link 
in the success of projects have also been plagued by a number of 
deficiencies. The most important of these have been connected with 
farm services and other agrarian measures. Here research and exten­
sion have been lacking or inadequate, major input supply has been a
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hindrance, and marketing and processing have not been well handled.
Land tenure arrangements resulting in protracted litigations have also 
disrupted a number of projects due to improper land reform.
At the feasibility study stage, it is recognised that 
various cost and price estimates should bo fairly reliable since they 
form the main basis for project funding and for calculating the 
financial and economic returns of the project. However, in view of 
inadequate and unreliable data and inflationary trends, cost and price 
estimates by the ADB and other financial institutions have not been 
realistic and have more often than not deviated widely from expected 
figures. The use of a single-valued estimation approach for costing 
and pricing without due regard for risk and uncertainty has compounded 
this problem.
In the ADB, the most simple non-discounting methods are 
used in determining the worth of both small and large scale projects. 
These measures, although having their own inherent advantages, fail 
to take into account the consideration of time and could give mis­
leading results for decision-making.
Despite the usefulness of sensitivity analysis, its use 
has largely been neglected in the ADB.
Project approval and implementation have also had their 
share of the problems. Among the most frequently encountered problems 
of initiation are: delays in granting necessary approvals for pro­
ject activation, and procedural and bureaucratic delays at the 
Management/Board level of the ADB; difficulty in obtaining local and
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imported resources and materials during construction, leading to delays 
and cost over-runs.
Inefficient monitoring and control procedures have tended 
to result in failure to properly re-design projects upon discovery of 
unanticipated obstacles to implementation. They have also brought 
about frequent failures to collect and process the feedback informa­
tion required to indicate achievement of performance targets and to 
correct deviations from work schedules and specifications.
An attempt has been made to suggest possible ways and 
methods for improvement of the planning and management exercise as 
depicted in the improved cycle [see Figure 4.2]. The suggested 
improvements which seek to overcome the problems and bottlenecks out­
lined include a systematic and an in-depth approach to the whole pro­
duction process. This is based partly on my understanding, judge­
ments, experiences of and insights into the problems. These experi­
ences and insights have been acquired in the course of my work with 
the ADB and during my training at the ANU and my interaction with 
people knowledgeable in the subject. They are also based on methods 
and recommendations suggested for most developing countries by such 
reputable organisations as the FAO, IBRD and the USAID.
The second part of the analysis which forms the main con­
tribution to this study has been concerned with an attempt to develop 
a suitable methodology for the incorporation of a measure of risk in 
two selected projects financed by the ADB. Recognising the fact that 
agricultural projects are risky and have uncertain outcomes, the 
Monte Carlo Simulation technique has been modified for use in the form
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of probability analysis to examine these elements of risk and uncertainty 
and to ensure the consistency of ex-post and ex-ante project performances.
In the Monte Carlo Simulation technique, eleven uncertain 
variables (which from the author's subjective judgement and objective 
experience are thoughtto have largely explained variations of the rate 
of return and other project indicators of worthiness by their own 
variations) were identified for eacli project . Valuten of the variable's 
were then split into various divisions and each division was weighted 
by a probability according to its likelihood of occurrence, by a pro­
cess of random sampling, values of each of the parameters varied in 
the analysis were combined to give the observed distribution of the 
result. Plots of the results in a form of cumulative probability dis­
tributions were obtained for the decision analysis.
Summary of the results indicated in Chapter 5 for the pine­
apple and maize projects respectively indicate that the methodology 
developed enables us to have a complete picture of projects and also 
enables us to provide management with more appropriate information 
for making the right decisions by recognising the likelihood or vari­
able outcomes of projects in the face of risk and uncertainty. For 
example, results from the pineapple project indicate that the mean 
IRR obtained under the probability analysis was only about one- 
half that obtained under the conventional approach of using single­
valued estimations for costs and prices adopted in the original 
analysis - 12.35 per cent and 27 per cent respectively. This means 
that values of costs and prices had been highly over-estimated by 
the use of the conventional approach and anticipated results would 
therefore not be realised. A wide range of IRR outcomes can also bo
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obtained from the IRR cumulative probability distribution as already 
illustrated.
The discipline of thinkinq through the uncertainties of 
the problem will in itself help to ensure improvement in making invest­
ment choices. For, to understand uncertainty and risk as seen by 
Hertz (1964), is to understand the key business problem and the key 
business opportunity.
Probability appraisal can thus be expected to contribute 
new insights into the anatomy of the economic benefits of a project.
It is difficult to generalise about the extent of this contribution.
In any case, consideration of alternative courses of action in a pro­
ject is almost always useful. The value of knowing the estimated 
probability distribution depends on the credibility of the judgements 
made in the analysis and on knowledge of the probability distributions 
of alternative projects.
6.2 Limitations of the Analysis
One of the main limitations of this approach, as I perceive 
it, is the inability to identify the most sensitive parameters to be 
kept under constant surveillance in the monitoring process. This 
limitation is overcome when sensitivity analysis is used but then 
the ceteris paribus assumption comes in and renders the attempt to 
look at the project in its entirety a nullity. Another limitation is 
the need to use reliable judgements in ass.iging probability weights 
to the various divisions of the uncertain variables. Lack of reliable
data to support these judgements could render the result unreliable.
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6 .3  D i r e c t i o n s  f o r  F u tu re  R esea rch
R isk  a n a l y s i s  i s  in  no s e n s e  a t e c h n iq u e  w hich  r e p l a c e s  
s k i l l e d  ju d gem ent.  On th e  c o n t r a r y ,  i t  o f t e n  r e q u i r e s  th e  u se  o f  
f a r  more judgem ent than th e  t r a d i t i o n a l  a n a l y s i s .  The t e c h n iq u e  c a n n o t  
p r o v id e  c o r r e c t  a n sw ers  on th e  b a s i s  o f  f a l s e  a s s u m p t io n s  and im proper  
d a t a .  T h e r e f o r e ,  t h e r e  i s  th e  need  f o r  s p e c i a l i s t s  in  th e  v a r i o u s  
d i s c i p l i n e s  o f  p r o j e c t  p la n n in g  and management to  look f u r t h e r  i n t o  
th e  a s s e m b ly  o f  p roper  s t a t i s t i c a l  d a ta  a s  t h e  b a s i s  f o r  b e t t e r  a n a l y s i s .  
F u tu re  r e s e a r c h  sh ou ld  a l s o  lo o k  a t  lo n g  term  p r o j e c t s  and how to  i n ­
c o r p o r a t e  th e  e le m e n t  o f  t im e i n t o  th e  a n a l y s i s  s i n c e  t h i s  has n o t  
been c o n s id e r e d  in  th e  s tu d y .  The p o s s i b i l i t y  o f  i d e n t i f y i n g  th e  
m ost im p o r ta n t  v a r i a b l e s  in  p r o b a b i l i t y  a n a l y s i s ,  w i t h o u t  r e c o u r s e  to  
s e n s i t i v i t y  a n a l y s i s  w h ich  o n ly  a d o p t s  th e  c e t e r i s  {x ir ib u s  a s s u m p t io n ,  
sh o u ld  be exam in ed .
The s t e p  r e c t a n g u la r  d i s t r i b u t i o n  in  i t s  d i s c r e t e  form  
u sed  in  t h i s  a n a l y s i s  and o t h e r  d i s t r i b u t i o n s  l i k e  th e  t r i a n g u l a r  and 
t r a p e z o i d a l  may be t r i e d  f o r  v a r i o u s  t y p e s  o f  p r o j e c t s  t o  c l a s s i f y  
them f o r  b e t t e r  a d o p t io n .  The i d e a l  and m ost s u i t a b l e  number o f  
s i m u l a t i o n s  f o r  such  an e x e r c i s e  and s i m i l a r  o n e s  sh o u ld  be f u r t h e r  
exam ined t o  e s t a b l i s h  c o n c r e t e  recom m en dation s  f o r  a d o p t io n .
S in c e  th e  e l e v e n  v a r i a b l e s ,  more e s p e c i a l l y  s a l a r i e s ,  do 
n o t  f l u c t u a t e  y e a r  by y e a r ,  th e  program sh o u ld  be re v ie w e d  t o  a l lo w  
f o r  a r a t c h e t  e f f e c t  in  i t s  s u b s e q u e n t  u s e  ( i . e .  when s a l a r i e s  go up 
t h e y  a rc  n o t  l i k e l y  to  come d o w n ).
In v iew  o f  t im e  c o n s t r a i n t s ,  th e  w r i t e r  was u n a b le  to
1 2 1
carry out a sensitivity analyses with the six variables which are 
considered most critical, viz. salaries and wages, farm maintenance 
costs, running costs of vehicles, running costs of tractor, yield, 
and price, t;o see which one is most sensitive to producing the overall 
results. Given nore time, this would have been done. With the 
availability of computer facilities in Ghana, the writer would follow 
it up. The writer would follow up this exercise with an ex-post 
evaluation of the two projects to see how useful the technique has 
proved to be.
|i
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APPENDIX A.2
AGRICULTURAL DEVELOPMENT BANK ORGANISATIONAL CHART - 1977
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APPENDIX A.3
MAP OF GHANA SHOWING BRANCHES AND FARM LOAN OFFICES OF THE ADB AND NIB
Source: ADB 1975.
APPENDIX A.4 (a)
GROSS DOMESTIC PRODUCT BY INDUSTRIAL ORIGIN 
(at 1968 market prices)
(per cent)
Industry 1969 1970 1971 1972 1973 1974
1. Agriculture and Livestock 25.5 25.9 25. 5 27.4 28.4 29.8
2. Cocoa Production and 
Marke ting 1 0.8 11.0 10.4 11.4 9.5 8.5
3. Foresty and Logging 3.7 3.5 3.3 3.7 3.7 3.3
4. Fishing 2.1 2 . a 2.1 2.7 1.5 1.7
5. Mining and Quarrying 2.2 2.2 2.1 2.3 2.0 1.7
6. Large-Scale Manufacturing 10.6 10.7 11.0 8.7 10.4 9. 5
7. Medium and Small-Scale 
Manufacturing 3.3 3.0 2.9 2.7 2.8 2.7
8. Electricity 1.0 1.0 1.0 1.2 1.7 1.8
9. Water Supply 0.1 0.2 0.2 0. 2 0.3' 0.4
10. Construction 4.1 4.6 5.3 4.3 4.8 6.0
11. Wholesale and Retail 
Trade* 13.9 14.4 15.1 13.0 13.5 13 .8
12. Restaurants and Hotels 0. 5 0.5 0.5 0. 6 0. 5 0. 5
13. Transport and Storage 3.8 3.9 4.1 4.4 4.4 4.0
14. Communications 0.2 0. 2 0.2 0.3 0.3 0.3
15. Banking Institutions 0.6 0.6 0.6 0.7 0.8 1.0
16. Insurance 0.2 0.1 0.1 0.1 0.1 0.1
17. Real Estate and 
Business Services 6. 2 5.9 5.6 6. 0 5.5 5.0
18. Social Recreational and 
Community Services 0.5 0.5 0. 5 0.6 0.7 0.7
19. Personal and Household 
Services 0.5 0.5 0.5 0.5 0.5 0. 5
20. Producers of Government 
Services 10.2 9.3 9.0 9.1 8.6 8.7
Total 100.0 100.0 100. 0 100. 0 100.0 100. 0
* Includes import duty.
Source: Central Bureau of Statistics, 1977, p.145.
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APPENDIX A.4(b)
GROSS DOMESTIC PRODUCT BY INDUSTRIAL ORIGIN 
(at current market prices)
(per cent)
Industry 1969 1970 1971 197 2 1973 1974
1. Agriculture and Livestock 28.6 28.5 30. 5 31.5 34.2 35.7
2. Cocoa Production and 
Marko ting 12.5 14.0 9.8 1 0.8 9.8 10.8
3. Foresty and Logging 3 .5 3.3 2.8 3.0 3.7 3.5
4. Fishing 1.4 1.1- 1.0 1.3 1.4 1.1
5. Mining and Quarrying 2.0 1.7 1.6 2.3 2.3 2.2
6. Large-Scale Manufacturing 8.8 8.1 8.0 8.0 8.9 8.1
7. Medium and Small-Scale 
Manufacturing 3.1 2.9 2.9 2.9 2.8 2.6
8. Electricity 0.9 0.9 0.8 0.8 0.7 0.6
9. Water Supply 0.1 0.1 0.1 0.1 0.1' 0.1
10. Construction 3.8 4.1 4.7 3 .7 3.7 4.6
11. Wholesale and Retail 
Trade* 14.0 14.7 16.1 13.7 14.1 14.6
12. Restaurants and Hotels 0.4 0.5 0.5 0.5 0. 5 0.5
13. Transport and Storage 3.8 4.0 4.2 4.1 3.4 3.4
14. Communications 0.2 0.3 0.3 0.3 0. 2 0.1
15. Banking Institutions 0.3 0.5 0.5 0.5 0.4 0. 2
16. Insurance 0.2 0.1 0.1 0.1 0.1 0.1
17. Real Estate and 5.8 c; a C 7 7 ABusiness Services «) • J o. i. 0.4 O • u
18. Social Recreational and n 7 0.8 0.8 n 7Community Services U . b U . D
19. Personal and Household 
Services 0.5 0. 5 0. 5 0. 5 0.5 0.4
20. Producers of Government 
Services 9. 5 8.9 8.7 8.7 7.1 7.1
Total 100.0 100.0 100.0 100. 0 100.0 100.0
* Includes import duty.
Source: Central Bureau of Statistics, 1977, p.146.
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APPENDIX A.6
COCOA PURCHASING COMPANY LOANS APPROVED AND 
REPAYMENT CLASSIFIED BY PURI'OSE 
(£ *000)
Purpose Amount Amount % of Total Repayment
Recovery 
Rate %
Redemption £3,073.20 94 £587.44 19
Expansion 168.55 5 32.15 19
Improvement 30. 00 1 32.88 110
Total £3,271.75 100 £652.47 20
Source: CMB Loans Department Accounts.
APPENDIX A.7
ADB AND NIB LOANS AS AT 
(Z'000)
DECEMBER 1974
Sector/Project ADB NIB To tal % of Total
Fishing 4,400.9 892.5 5,293.4 4.7
Livestock 4,013.3 2,366.4 6,379.7 5.7
Industrial Crops 12,967.9 7,706.0 20,673.9 18.3
Food Crops 25,164.3 5,655.7 30,820.0 27.4
Agro Business 5,117.3 16,218.8 21,336.1 18.9
'OFY' (State Agricultural 
Corporations) 18,920.0 -
18,920.0 16.8
Cocoa Project 2,903.1 - 2,903.1 2.6
Special Projects 
(Joint Venture) 6,366.2 - 6,366.2 5.6
Total 79,853.0 32,839.4 112,692.4 100. 0
Note: Oil palm and pineapple are classified under Industrial
Crops, while rice and maize fall under Food Crops.
Source: Loans and Advances Outstanding 31 December 1975. Bank
of Ghana Annual Reports for various years. Annual 
Reports for National Investment Bank (NIB) and 
Agricultural Development Bank (ADB).
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FEASIBILITY STUDY REPORT 
PINEAPPLE PRODUCTION COMPANY
Introduction
Following a series of meetings, correspondences and 
discussions that have taken place between representatives of the 
Agricultural novel oi>mon t Bank and t:ho Ghana Kx|x>rl Company Ltd, it 
has been agreed that a limited liability Company be formed as a 
joint venture by the two organisations for the production of pine­
apples for both export and local consumption. The Agricultural 
Development Bank was delegated to prepare a feasibility study 
report for the project for the consideration of participating 
organisations and this report is an attempt to analyse the economic 
and technical viability of the project.
The Company
A company to be known as Pineapple Production Company 
Ltd will be incorporated with the Agricultural Development Bank 
and the Ghana Export Company as shareholders. The proposed share­
holding will be as follows:
% Amount ((£)
Agricultural Development Bank 60 340,260.00
Ghana Export Company Ltd 40 226,840.00
100 567,100.00
The Project
The project will involve the establishment of 500 acres 
of pineapple farm at the Nsawam area in the Eastern Region of Ghana, 
where previous harvests have indicated that the area will support a
good crop. The establisinnent will be done over a period of three 
years then after the fifth year, the whole project will be 
reappraised to consider whether there is the need for expansion.
Growth Requirements of Pineapple
Pineapple can be grown commercially under a wide range of 
climatic conditions. The optimum rainfall for its cultivation is 
between 41-61 inches per annum. Fruiting i s much delayed if grown 
at high altitudes and cooler climates. The ideal conditions are 
fairly even temperatures !35-90°F and a relative humidity of at least 
70 per cent or much overcast weather. These conditions prevail in 
the Nsawam area.
The cayenne variety is by far the most important commercial 
variety and will therefore be grown in preference to the Queen, the 
Sugar Loaf and the Red Spanish. /
Of the three types of planting materials, i.e. crowns, 
suckers and slips, the first two are preferred as they give uniform 
growth and fruiting. The availability of planting material will 
however have to be looked into carefully when one is contemplating 
large acreages of pineapple.
Marketing
The local market consists of purchases of fruits from 
farmers by three canneries: Nsawam, Nkulenu and Economic Industries.
These three canneries have a total capacity of 12,600 tons of pine­
apple per year, Nsawam cannery alone has a production capacity of 
12,000 tons per year, while the other two canneries (especially 
Nkulenu) have plans for expansion.
The Nsawam Cannery's capacity has not been reached yet, 
getting an annual supply of only about 2,000 tons.
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A v a i l a b l e  f i g u r e s  on e x p o r t s  o f  f r e s h  p in e a p p l e ,  canned  
p in e a p p le  and p in e a p p le  j u i c e  from Iv o r y  C o a st  t o  European C o u n tr i e s  
and a l s o  f i g u r e s  on im p o r ts  i n t o  B r i t a i n  f r e s h  and canned p i n e a p p l e s ,  
g i v e  th e  i n d i c a t i o n  t h a t  t h e r e  i s  a grow in g  demand f o r  p in e a p p le  on 
th e  w orld  m ark et,  e s p e c i a l l y  in  th e  W estern World ( s e e  Appendix 4 a ) .  
The Ghana E xport Company can p o s s i b l y  e x p l o r e  th e  e x p o r t  market fo r  
p in e a p p l e s  some more b e f o r e  one can sa y  w i th  any c o n f i d e n c e  th e  trend  
a t  w hich  t h e  p in e a p p le  e x p o r t  m arket i s  g o in g .
F o r e ig n  Exchange E a r n in g s
I t  i s  e s t im a t e d  th a t  an a c r e  w i l l  y i e l d  ab out 20 to n s  o f  
f r e s h  f r u i t  p er  y ea r  and t h e r e f o r e  when a l l  th e  500 a c r e s  have been  
e s t a b l i s h e d ,  1 0 ,0 0 0  t o n s  o f  f r e s h  f r u i t  sh o u ld  be e x p e c t e d .  The 
l o c a l  m arket i n c l u d i n g  th e  c a n n e r i e s  can  ta k e  50 p er  c e n t  o f  th e  t o t a l  
p ro d u ce  and th e  rem a in in g  5 ,0 0 0  t o n s  may be e x p o r te d  t o  th e  f o r e i g n  
m arket to  earn  some f o r e i g n  ex ch a n g e  fo r  th e  c o u n tr y .
C u rren t  CIF v a l u e  (London) f o r  a to n  o f  f r e s h  p i n e a p p l e s  
i s  p u t  a t  £448 o r  £ 1 , 1 4 8 . 4 0  ( s e e  Appendix 4 b ) .  The c o s t s ,  i . e .  
f r e i g h t  r a t e ,  c a r t o n s  fo r  p a c k in g  and p a ck a g in g  and h a n d l in g  c h a r g e s ,  
i s  c u r r e n t l y  p u t  a t  ab ou t £754 p er  to n .  T h e r e fo r e  a p r o f i t  o f  
£ 3 9 2 .4 0  may be made on ea c h  to n  o f  f r e s h  f r u i t  e x p o r t s .  When th e  
20 p er  c e n t  e x p o r t  bonus i s  ad ded , th e  p r o f i t  becom es h ig h e r .
From th e  e s t im a t e d  5 ,0 0 0  t o n s  o f  f r e s h  f r u i t  t o  be 
e x p o r te d  t h e r e f o r e ,  a t o t a l  p r o f i t  o f  £ 1 .9 2  m i l l i o n  in  f o r e i g n  
exchan ge  w i l l  r o l l  i n .
Management
A Board o f  D i r e c t o r s  r e p r e s e n t i n g  th e  s h a r e h o l d e r s  w i l l  
be r e s p o n s i b l e  f o r  th e  management o f  th e  p r o j e c t .  The Board would  
fo r m u la te  p o l i c i e s  w h i l e  th e  day t o  d ay  a d m i n i s t r a t i o n  o f  th e  p r o j e c t  
w i l l  be h and led  by a Farm Manager who w i l l  be an e x p e r ie n c e d
agriculturist with a bias towards industrial crops plantation 
management. There will also be an Assistant Farm Manager to assist 
the Farm Manager, who will possess a certificate or diploma from a 
recognised agricultural institution in the country or elsewhere.
Financial Appraisal
Capital Requirements
The total capital investment requirement for 
the project involving the development of 500 acres 
of pineapple is estimated at £1,701,290.00 spread 
over three years as indicated in Appendix 1.
Financing Plan
On the basis of 1:2 equity/loan base, it is 
proposed that £567,100.00 be raised as equity and 
£1,134,200.00 as loan capital to be spread over a 
period of three years. The loan portion should 
be provided by the Agricultural Develo{jment Dank.
Pricing and Revenue
A producer price of £40.00 per ton is offered 
by the local canneries. However, an average-sized 
pineapple fruit ( 2 2 to 4 lbs) may be sold at 
20 pesewas and at this rate, revenue will rise from 
£360,000.00 in the second year to £1.2 million in 
the fourth and subsequent years when all the 500 
acres would have been established (see Schedule 12).
Profitability
The project starts showing some profits during the third 
year when a constant profit of about £740,000.00 will start coming in.
Conclusion and Summary
Three major problems involved with large scale pineapple 
cultivation in Ghana are as follows:
(1) Pineapple production is a labour intensive 
business. The work involved in its 
cultivation is arduous and therefore labour 
is not very easy to come by for pineapple 
cultivation.
(2) The question of availability of planting 
material for large acreages is also a problem.
It is not easy to obtain crowns and suckers 
to plant big acreages.
(3) Market avenues, especially the overseas 
market, should be explored a bit more. Even 
though there is an apparent market overseas 
for fresh pineapples, serious contacts should 
be established.
In spite of the above problems, pineapple production can 
be a very lucrative concern and the proposed Pineapple Production 
Company may be a start for breaking new ground in large scale pine­
apple production in Ghana.
Recommendations
(1) A company to be known as the Pineapple Production
Company should be incorporated with the Agricultural 
Development Bank and the Ghana Export Company as 
shareholders. The Company is to start and maintain 
a 500 acre pineapple farm to produce fresh fruits 
for the local and export market.
(2) The f o l l o w i n g  s h a r e  c a p i t a l s  s h o u l d  be 
p r o v i d e d  by  t h e  two e s t a b l i s h m e n t s :
A g r i c u l t u r a l  D e v e l o p m e n t  Bank 0 3 4 0 , 2 6 0 . 0 0  
Ghana E x p o r t  Coinjxany Ltd  2 2 6 ,0 4  0 . 0 0
0 5 6 7 , 1 0 0 . 0 0
(3) The A g r i c u l t u r a l  D e v e l o p m e n t  Bank may g r a n t  
a l o a n  o f  0 1 , 1 3 4 , 2 0 0 . 0 0  t o  t h e  Company a t  
an  i n t e r e s t  r a t e  o f  8 ^ / 2  p e r  c e n t  p e r  annum.
(4) The l o a n  s h o u l d  bo r e p a i d  o v e r  5 y e a r s  
i n c l u d i n g  a  3 - y e a r  m o r a t o r i u m  on b o t h  
p r i n c i p a l  and i n t e r e s t .
(5) A l l  o t h e r  l e n d i n g  c o n d i t i o n s  o f  t h e  A g r i c u l t u r a l  
D e v e l o p m e n t  Bank s h o u l d  a l s o  a p p l y .
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APPENDIX 4a
IMPORTS OF FRESH PINEAPPLE AND PINEAPPLE PRODUCTS INTO BRITAIN
(Tons)
Year Fresh Pineapple Canned Pineapple
1971 4,576 30,460
1972 4,773 28,398
1973 5,376 30,397
EXPORT OF FRESH PINEAPPLE AND PINEAPPLE PRODUCTS
FROM IVORY COAST 
(Tons)
Year Canned Pineapple FreshPineapples Juice Pineapples
1970 26,800 12,300 17,200
1971 25,800 13,100 19,400
1972 44,200 12,800 37,400
Source: Fruit Intelligence, 
September 1973.
Commonwea1th Secretariat,
APPENDIX 4b
CIF (LONDON) PRICE PER FRESH FRUIT PINEAPPLE 
(Pence - p)
Range Average
Ghana 60-110 P 80 P
Kenya 40- 75 P 55 P
Ivory Coast 35- 65 P 50 P
South Africa 31- 41 P 35 P
Source: Broome & Greene (London) Ltd,
February 1975.
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SCHEDULE 1
LAND DEVELOPMENT
Acreage - 500 Acres
Land clearing - (22.00 per acre
12.5 miles of access road
Land acquisition expenses, i.e. drinks, 
surveying foes, soil tests, etc.
Miscellaneous infrastructure
tflOO, 000. 00 
25,000.00
12,500.00 
5,000.00
(2142,500. 00
SCHEDULE 2
COST OF ESTABLISHING ONE ACRE OF PINEAPPLE
Lining and pegging - 8 mandays at (22.00 per manday 16.00
Cleaning of planting material - 7 mandays ^
at (22.00 per manday
Carrying of planting material - 9 mandays lo. 00at (22.00 per manday
Digging of Holes - 14 mandays at (22.00 per manday 28.00
Filling holes with plants - 7 mandays at (22.00 ^  ^
per manday
Planting - 14 mandays at (22.00 per manday 28.00
Transportation of suckers 30.00
(2148.00
SCHEDULE 3
COST OF PLANTING MATERIAL
Year 1 Year 2 Year 3 Total
Acreage 150 150 200 500
15,000 plants needed to plant 
one acre - 100 plants cost 
04.00, therefore 0600.00
0 0 0 0
needed Cor one acre 90,000 90,000 120,000 -
90,000 90,000 120,000 300,00
MACHINERY
3 tractors with implements at 015,000.00 each
1 land rover at 016,000.00
2 7-tonner trucks at 025,000.00 each
3 weighing scales at 03,000.00 each
2 Peugeot 404 pick-ups at 08,000.00 each
SCHEDULE 4
045,000.00 
16,000.00
50.000. 00 
9,000.00
16.000. 00
0136,000.00
SCHEDULE 5
BUILDINGS
25.000. 00
10.000. 00
1 10-room office block
2 storage sheds
SCHEDULE G
OFFICE EQUIPMENT
3 typewriters at £500.00 each 
1 stool vault 
1 set office furniture 
3 steel cabinets
£ i , 500. ÜU 
1,000.00 
2,500.00 
600.00
£5,600.00
SCHEDULE 7
TOOLS
125 mattocks at £8.00 each
250 hoes at £2.50 each
50 pick axes at £10.00 each
250 pairs of hand gloves at £7.00 each
50 shovels at £9.00 each
250 pairs of farm boots at £20.00 each
25 reaction tanks and applicators at 
£200.00 per set
250 pairs of eye protective goggles at 
£4.00 each
65 head pans at £10.00 each
£1 ,000.00
625.00
500.00 
1,750.00
450.00
5.000. 00
5.000. 00
1.000. 00
650.00 
£15,975.00 
£16,000.00approximately
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SCHEDULE 8
RUNNING COSTS OF LANDROVER PER YEAR
11 i s  a s s u m ed  t h a t  L a n d r o v e r  w i l l  do  2 , 0 0 0  m i l e s  e a c h  m onth .
F u e l  a t  10 m i l e s / g a l l o n  a t  0 1 . 2 0  p e r  g a l l o n  0 2 , 8 8 0 . 0 0
12 e n g i n e  o i l  c h a n g e s  a t  0 4 . 5 0  p e r  c h a n g e  5 4 . 0 0
G r e a s i n g  a t  0 1 . 5 0  p e r  m o n th  1 8 . 0 0
L u b r i c a t i o n  -  4 g e a r  b o x e s  and a x i l  o i l  c h a n g e s
. , 2 4 . 0 0
a t  0 0 . 0 0  p e r  c h a n g e
R e p a i r s  -  5% o r i g i n a l  v a l u e  8 0 0 . 0 0
I n s u r a n c e  and r e g i s t r a t i o n  7 0 0 . 0 0
M i s c e l l a n e o u s  e x p e n s e s  9 0 0 . 0 0
0 4 , 6 7 6 . 0 0
Say 0 4 , 7 0 0 . 0 0
SCHEDULE 9
RUNNING COSTS OF PEUGEOT PICK-UP PER YEAR
I t  i s  a s sum ed  t h a t  t h e  P i c k - u p  w i l l  do  3 , 0 0 0  m i l e s  e a c h  m onth .
F u e l  a t  25 m i l e s / g a l l o n  a t  0 1 . 2 0  p e r  g a l l o n  • 0 1 , 7 2 8 . 0 0
G r e a s i n g  a t  0 1 . 5 0  p e r  m o n th  1 8 . 0 0
12 o i l  c h a n g e s  a t  0 4 . 5 0  p e r  c h a n g e  5 4 . 0 0
L u b r i c a t i o n  -  4 g e a r  b o x e s  an d  a x i l  o i l  c h a n g e s  a t  ^
0 5 . 0 0  p e r  c h a n g e
R e p a i r s  -  5% o f  i n i t i a l  v a l u e ' i n s u r a n c e  4 5 0 . 0 0
M i s c e l l a n e o u s  e x p e n s e s  2 0 0 . 0 0
0 2 , 8 7 0 . 0 0
T h e r e f o r e  f o r  2 P i c k - u p s  0 5 , 7 4 0 . 0 0
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SCHEDULE 10
RUNNING COST OF TRUCK PER YEAR
If tin' truck does 3,000 miles a month and fuel consumption 
is 20 milcs/gallon, the following running costs arc estimated.
Cost of diesel oil at 80 p/gallon £*1,728. 00
Lubrication - twice a month at (£6.00 each 144.00
Maintenance and repairs 1,730.00
Insurance 600.00
£*4,202.00
Therefore for 2 trucks (£8,404.00
Sc h e d u l e 11
RUNNING COST OF TRACTOR PER YEAR
Fuel consumption per hour is 2.2 gallons at 
80 p/gallon working 5 hours a day and 5 days
in the week (£2,112.00
Lubricants - 6 oil changes at 2 gallons per ^  ^
change
Greasing - 24 lbs at 47 p/112 lbs 10.00
Insurance 200.00
Maintenance and repairs 1,050.00
(£3,412.00
Therefore for 3 tractors (£10,236.00
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SCHEDULE 12
ESTIMATED YIELD
1 acre is expected to yield about 12,000 fruits, therefore 
from 500 acres 6,000,000 fruits are expected.
Estimated Revenue
If each fruit will sell at 20 p then 6,000,000 fruits will 
give 01,200,000.00.
SCHEDULE 13
/ '
DEPRECIATION
Machinery and trucks 
Buildings 
Office equipment 
Capital farm equipment 
Land and land development
20% of 0136,000 
10% of 0 35,000 
20% of 0 5,600 
30% of 0 16,000 
10% of 0142,500
027,200.00
3.500.00
1.120.00 
4,800.00
14,250.00
050,870.00
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SCHEDULE 15
NON CAPITAL FARM INPUTS
3 , 7 5 0 b a y s  o l  f e r t i l i s e r  a t  0 3 . 0 0  e a c h 0 1 1 , 2 5 0 . 0 0
1 , 5 0 0 c u t l a s s e s  a t  0 3 . 0 0  e a c h 4 , 5 0 0 . 0 0
3 0 0 t i n s  o f  c a l c i u m  c a r b i d e  a t  0 8 . 0 0  e a c h 2 4 , 0 0 0 . 0 0
3 1 5 d r u m s  o f  p e s t i c i d e s  a t  0 3 0 . 0 0  e a c h 9 , 4 5 0 . 0 0
0 4 9 , 2 0 0 . 0 0
SCHEDULE 16
WORKING CAPITAL
S a l a r i e s  a n d  W a g e s 1 1 6 , 9 9 0 2 0 8 , 4 5 0 2 0 9 , 9 9 0 2 1 1 , 4 4 0 2 1 2 , 8 9 0
S o c i a l  S e c u r i t y 1 4 , 6 2 0 2 6 , 0 6 0 2 6 , 2 5 0 2 6 , 4 3 0 2 6 , 6 1 0
N o n - C a p i t a l  F a r m  I n p u t s 4 9 , 2 0 0 4 9 , 2 0 0 4 9 , 2 0 0 - -
L a n d  R e n t 2 , 5 0 0 2 , 5 0 0 2 , 5 0 0 2 , 5 0 0 2 , 5 0 0
S t a t i o n e r y  a n d  P o s t a g e 1 , 5 0 0 1 , 5 0 0 1 , 5 0 0 1 , 5 0 0 1 , 5 0 0
R u n n i n g  C o s t s  o f  V e h i c l e s 1 8 , 8 4 4 1 8 , 8 4 4 1 8 , 8 4 4 1 8 , 8 4 4 1 8 , 8 4 4
R u n n i n g  C o s t s  o f  T r a c t o r s 1 0 , 2 3 6 1 0 , 2 3 6 1 0 , 2 3 6 1 0 , 2 3 6 1 0 , 2 3 6
M a i n t e n a n c e  o f  B u i l d i n g s 7 5 0 7 5 0 7 5 0 7 5 0 7 5 0
2 1 4 , 6 4 0  3 1 7 , 5 4 0  3 1 9 , 2 7 0  2 7 1 , 7 0 0  2 7 3 , 3 3 0
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APPENDIX B .2
MAIZE PROJECT - DETAILED FINANCIAL COST-BENEFIT ANALYSIS
The descriptive part of this report has been left out since 
it follows more or less the same format as depicted in Appendix B.l(a).
Financial Analysis
Appendix 1
Investment
Existing Capital Investment (Sch.l) 
Proposed " " (Sch.l)
Total " "
Working Capital (Sch.2)
Total Investment 
Cumulative Investment 
Funds Ploughed Back 
Cumulative Ploughed Back 
Borrower's Contribution (Sch.3) 
Required Loan 
Cumulative Required Loan
Year 1
23.820 
40,140 
63,960 
29,860
93.820
93.820
23.820
70.000
70.000
Year 2
23.260
23.260 
117,080
23.260
23.260
70,000
Year 3
23.260 /
23.260 
140,340
23.260 
46,520
70,000
Year 4
23.260
23.260 
163,600
23.260 
69,780
70,000
Proforma Profit/Loss Statement 
Direct Production Cost (Sch.4)
Maize 10,260 10,260 10,260 10,260
Indirect Production Cost (Sch.5)
Salaries and Wages 8,580 8,580 8,580 8,580
Maintenance of Machinery & Equipment 1,196 1,495 1,794 2,093
Land Rent 300 300 300 300
Fuel and Lubricant 1,120 1,120 1,120 1,120
Insurance and Licensing 640 640 640 640
Contingency 7,764 865 566 267
Interest 4,200 - - -
Commitment Fee 700 - - -
Depreciation 7,751 7,751 7,751 7,751
Total 32,251 20,751 20,751 20,751
Total Production Cost 42,511 31,011 31,011 31,011
Cumulative Production Cost 42,511 73,522 104,533 135,544
Production Volume (Sch.6)
Maize 2,400 2,400 2,400 2,400
Revenue (Sch.7)
Maize 62,400 62,400 62,400 62,400
Gross Income 62,400 62,400 62,400 62,400
Cumulative Income 62,400 124,800 188,200 250,600
Net Income After Deduction of 
Production Cost
Cumulative Net Income
19.889
19.889
31,389
51,278
31,389
82,667
31,389
114,056
Return on Investment (%) - 44.17 59.32 70.14
Pay-Back Period (Years) - 1.73 1.31 1.12
Cash Flow
Net Income 19,889 31,389 31,389 31,389
Depreciation 7,751 7,751 7,751 7,751
Net Cash Flow 27,640 39,140 39,140 39,140
Cumulative Cash Flow 27,640 66,780 105,920 145,060
Sources and Uses of Funds
Funds Ploughed Back - 23,260 23,260 23,260
Borrower's Contribution 23,820 - - -
Required Loan 70,000 - - -
Total Available Resource 93,820 23,260 23,260 23,260
Required Investment 93,820 23,260 23,260 23,260
Income and Loan Repayment 
Income
Gross Sales and Income 62,400 62,400 62,400 62,400
L e s s  Commitment Fee 700
B o r r o w e r ' s  C o n t r i b u t i o n  o f  
W ork ing  C a p i t a l
N e t  S a l e s  Income
Loan Repaym ent 
I n t e r e s t
W ork ing  C a p i t a l  P o r t i o n  o f  Loan 
C a p i t a l  I n v e s t m e n t  P o r t i o n  o f  Loan 
T o t a l  R epaym ent 
E n d in g  C ash  B a la n c e
6 1 , 7 0 0 6 2 , 4 0 0 6 2 , 4 0 0 6 2 , 4 0 0
4 , 2 0 0
8 , 9 5 4 8 , 9 5 3 8 , 9 5 3 3 , 0 0 0
1 0 , 0 3 5 1 0 , 0 3 5 1 0 , 0 3 5 1 0 , 0 3 5
2 3 , 1 8 9 1 8 , 9 8 8 1 8 , 9 8 8 1 3 , 0 3 5
3 8 , 5 1 1 4 3 , 4 1 2 4 3 , 4 1 2 —
155
Capital Investment
Schedule 1
Existing Capital Investment
1 Tractor (Zeetor) £ 2,UOO
1 Trailer 900
Tractor Implements (plough, harrow , slasher, cultivator, etc) 1,500
2 Maize Shellers 1,600
1 Planter 2,120
1 Tractor Mounted Sprayer 3,100
Farm Shed 2,600
£23,820
Proposed Capital Investment
1 David Brown L1210 Tractor 8,888
1 Heavy Duty Disc Plough 1,290
1 Heavy Duty Harrow / 1,115
1 Lister Drying Machine 7,670
1 Lister Oil Fired Heater 1,700
1 Auxiliary Alternation 1,950
1 Corn Mill with Motor 1,129
Cost of constructing the building for the drier 15,000
Weighing Scale 1,400
£40,140
Working Capital
(i) Total Production Cost
(ii) Less (a) Interest
(b) Commitment Fee
(c) Depreciation
(iii) Working Capital = (i-(a+b+c) 
Cumulative Working Capital
Schedule 2
Year 1 Year 2 Year 3 Year 4
42,511 31,011 31,011 31,011
4,200 - - -
700 - - -
7,751 7,751 7,751 7,751
29,860 23,260 23,260 23,260
29,860 53,120 76,380 99,640
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Borrower's Contribution
Schedule 3
Existing Capital Investment 023,820
Direct Production Cost
300 Acres Maize 1 Acre 300 Acres
Seed Maize 20 lbs/Acre at 10p/lb 02.00 0600.00
Fertiliser: 2 bags (compound)/Acre
at 02.80/bag - 5.60 1,680.00
1 bag SA/Acre at 
02.00/bag 2.00 600.00
Transportation of: Fertiliser 40p/bag 1.20 360.00
Herbicides 1 packet (4 kilos)/5 Acres 
at 042.00/packet 8.40 2,520.00
Harvesting 4 Mandays/Acre at 02.00/manday 8.00 'l, 400.00
Dehusking 03.00/Acre 3.00 900.00
Handling Charges 04.00/Acre 4.00 1,200.00
Total 034.20 010,260.00
Indirect Production Cost
Salaries and Wages
1 Farm Manager's Allowance 080.00/Month for 1 Year
1 Farm Assistant 070.00/month
2 Tractor Operators 070.00/month 
1 Head Labourer 065.00/month
6 Permanent Labourers at 060.00/month
Schedule 5
0 960.00
840.00 
1,680.00
780.00 
4,320.00
08,580.00Total
ir>7
Schedule 5 (contd.)
Maintenance o f Farm Machinery & Equipment
Maintenance at (4%, 5%, Gt, It cost
of Machinery and Equipment)
Year 1 Year 2 Year 3 Year 4
1,190 1,490 1,794 2,993
Land Rent 
(£300.00/Annum 
Fuel and Lubricant.
1 Gallon of Fuel to Plough and Harrow 
2 Acres at 80p/gallon 300 Acres
Allow (£300.00 for Carting and Shelling
Allow (£100.00 Fuel for Drying
Allow (£2.00/Acro for Lubricant
Insurance and Licensing
Comprehensive Insurance for 2 Tractors 
Licensing of 1 Tractor
Depreciation
Farm Machinery & Equipment 20% of (£29,955.00 
Farm Shed and Drying House - 10%
(£ 300.00
120.00
300.00
100.00
600.00
(£1,120.00
600.00 
40. 00
(£640.00
05.191.00 
1,760.00
07.751.00
Production Volume
Maize 1 Acre
Estimated Yield/Acre 8 Bags (2201bs ea.)
Schedule 6
300 Acres 
2,400
Schedule 7
Revenue
1 Bag of Seed Maize Sells at 030.00 6 Bags/Acre
0180/Acre
2 Bags/Acre Discard at 014.00/bag
300 Acres
054,000
8,400
062,400
January-March -
April-June
July-September
Oct.-December
1 f> R
Appendix 2
Disbursement Schedule £
Land Rent 300.00
Salaries 2,145.00
Tractor and Implements 11,303.00
Construction of Builidng for Drier 15,000.00
Insurance 640.00
29,388.00
2.145.00
510.00
600.00
1.680.00 
240.00
2.520.00
7.695.00
2.145.00 
600.00 
120.00
1.127.00
1.400.00
11.320.00
16.712.00
Salaries 2,145.00
Fuel 510.00
Harvesting and Dehusking 3,300.00
Handling Charges 1,200.00
Maintenance 1,196.00
Fuel for Driving 100.00
8,451.00
Contingency 7,754.00
- Salaries 
Fertiliser (SA) 
Transportation 
Corn Mill 
Weigh Scale
Drier and its Auxiliaries
Salaries
Fuel
Seed Maize
Fertiliser (Compound)
Transportation
Herbicide
70,000.00
Appendix 3
October-December, 
Octobor-Deccmber, 
October-December, 
October-December, 
Out obor-lk'cember,
Total
Repayment Schedule*
1975
1976
1977
1978 
1 979
016,500.00
16.500.00
16.500.00
16.500.00
16.500.00
0 8 1 ,000.00
Excluding interest (includes balance of first loan).
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APPENDIX n . l
DIVISIONS OF VM.lIF.S O F UNCERTAIN VARTAHI.ES AND 
TURIN ASSIGNED P NORA 13 TI.TTY Dl I1TNI BUT IONS 
(PINF.APPI.E PROJECT)
V a r i a b l e R a n q c  o f  Yea r  1 V a l u e s  
( i n  C e d i s )
Mean o f  Ran g e  
( i n  c e d i s )  GrOUp N° - P r o b a b i l i t y  D i s t r i b u t i o n
1. C o s t  o f  E n t a b l  l s U n e n t 1991)0 - 2 2 2 0 0 ( -1 O'* o f  b a s o  r lq . ) 2 1 0 9 0 i . 10
* 2 2 2 0 0  - 2 4 4 2 0 ( t 10*) 23 31 0 2 . 4 0
M 4 ; ( )  - 2 6 0 4 0 ( 11 m.) :>r.r. «n ] . W)
2+.+.40 - 2HHM) (1 1 0 » ) 2 7 / 5 0 4 . 1 5
2 0 8 0 0  - 3 1 0 8 0 (1 1 0 » ) 2 9 9 / 0 5 . 05
2 .  P l a n t i n g  M a t e r i a l 8 1 0 0 0  - 9 0 0 0 0 ( - 1 0 » ) 8 5 5 0 0 l . 05
* 9 0 0 0 0  - 9 9 0 0 0 ( + 10» ) 94 5.00 2 . 50
9 9 0 0 0  - ] 0 0 0 0 0 ( H 0 » ) 1 0 3 5 0 0 3 . 30
1 0 8 0 0 0  - 1 1 7 0 0 0 ( + 1 0 » ) 1 1 2 5 0 0 4 . 10
1 1 7 0 0 0  - 1 2 6 0 0 0 ( + 10») 1 2 1 5 0 0 5 . 05
3.  Fa rm  M a i n t e n a n c e 3 17 9 - 37 50 ( - 1 0 » ) 1 5 6 2 . 5 1 .0 1
* 3 7 5 0  - 4 1 2 5 ( t 10») 3 9 3 7 . 5 2 . 1 2
4 1 2 ’. - 4 5 0 0 ( 1 10») 4 n ;». f. l . 1 2
4 5 0 0  - 487 5 ( + 10 » ) 4 6 8 7 . 5 4 . 2 5
4 8 7 5  - 5 2 8 0 (+1 0 » ) 5 0 7 7 . 5 5 . 50
4 .  F e r t i l i s e r s 3 3 7 5  - 37 50 ( - 1 0 » ) 3 5 6 2 . 5 1 . 0 0  .
* 3 7 5 0  - 4 1 2 5 ( + 1 0») 3 9 3 7 . 5 2 . f>0
4 12 5 - 4 5 0 0 ( t 10 » ) 4 1 1 2 .5 1 . 05
4 5 0 0  - 4 8 7 5 (+ 1 0 » ) 4 6 8 7 . 5 4 . 1 5
4 8 7  5 - 52 50 ( + 10») 5 0 6 2 . 5 5 . 20
5 .  H a r v e s t i n g  C o s t  * * 3 7 8 0  - 4 2 0 0 ( - 1 0 » ) 1990 1 .01
* 4 2 0 0  - 0 ( 1 1 0») 44 1 0 ? . 1 2
4 0 2 0  - 5 0 4 0 ( 11 0 » ) 48 30 J . 1 2
5 0 4 0  - 5 460 ( + 1 0 » ) 5 2 5 0 4 . 2 5
5 4 0 0  - 5 8 8 0 ( + 1 0 » ) 5 6 7 0 5 . 50/
6 .  S a l a r i e s  a n d  Wages 1052 9 1  - 1 1 6 9 9 0 ( - 1 0 » ) 1 1 1 1 4 0 . 5 1 . 00
* 1 1 0 9 9 0  - 1 2 8 6 8 9 (+ 1 0 » ) 1 2 2 0 3 9 . 5 2 . 10
1 2 8 6 8 9  - 1 4 0 3 8 8 (+ 1 0 » ) 1 3 4 5 3 8 . 5 3 . 20
1 4 0 3 8 8  - 1 5 2 0 8 7 (+ 1 0 » ) 1 4 6 2 3 7 . 5 4 . 30
1 5 2087  - 1 6 3 7 8 6 ( 1 10») 157 9  16. 5 6 . 4 0
7 .  F l o w e r  I n d u c t i o n 67 5 0  - 7 5 00 ( - 1 0 » ) 7 1 2 5 l . 05
* 7 5 0 0  - . 8 2 5 0 ( + 10 » ) 78 7  5 2 . 40-
8 2 5 0  - 9 0 0 0 ( + 1 0 » ) 8 62  5 3 . 3 0
9 0 0 0  - 9 7 5 0 (+ 1 0 » ) 9 3 7 5 4 . 20
9 7 5 0  - 1 0 5 0 0 ( + 10» ) 1 0 1 2 5 5 . 0 5
8 .  R u n n i n g  C o s t s  o f  V e h i c l e 1 6 9 6 0  - 1 8 844 ( - 1 0 » ) 1 7 9 0 2 1 . 1 0
* 1 8 8 4 4  - 2 0 7 2 8 ( + 1 0 » ) 1 9 7 8 6 2 . 15
2 0 7 2 8  - 2 2 612 ( + 1 0 » ) 2 1 6 7 0 3 . 1 5
2 2 6 1 2  - 2 4 4 9 6 ( + 1 0 » ) 2 3 554 4 . 4 0
2 4 4 9 6  - 2 6 3 8 0 ( + 1 0 » ) 2 5 4 3 8 5 . 20
9 .  R u n n i n g  C o s t s  o f  T r a c t o r 9 2 1 2  - 1 0 2 3 6 ( - 1 0 » ) 972 4 1 . 10
* 1 0 2 3 6  - 1 1 2 6 0 ( + 1 0 » ) 1 0 7 4 8 2 . 15
1 1 2 6 0  - 1 2 284 ( + 1 0 » ) 1 1 772 3 . 1 5
1 2 2 8 4  - 1 3 3 0 8 (+ 1 0 » ) 1 2 7 9 6 4 . 4 0
1 3 3 0 8  - 1 4 332 ( + 1 0 » ) 1 3 8 2 0 5 . 20
1 0 .  Y i e l d / A c r e * * * 8 4 0 0  - 9 6 0 0 ( - 1 0 » ) 9 0 0 0 1 . 3 5
9 6 0 0  - 1 0 8 0 0 ( - 1 0 » ) 1 5 0 0 0 2 . 30
1 0 8 0 0  - 1 2 0 0 0 ( - 1 0 » ) 1 1 4 0 0 3 . 1 5
* 1 2 0 0 0  - 1 3 2 0 0 (+ 1 0 » ) 1 2 6 0 0 4 . 15
1 3 2 0 0  - 1 4 4 0 0 (+ 1 0 » ) 1 3 8 0 0 5 . 0 5
1 1 .  P r i c e / F r u i t 0 .  18 - 0 .  20 ( - 1 0 » ) 0 .  19 1 . 1 5
* 0 . 2 0  - 0 .  22 ( +10») 0 . 2 1 2 . 4 0
0 . 2 2  - 0 . 2 4 ( + 1 0 » ) 0 .  23 3 . 30
0 . 2 4  - 0 .  26 (+ 1 0 » ) 0 . 2 5 4 . 1 0
0 . 2 6  - 0 . 2 8 (+ 1 0 » ) 0 .  27 5 . 05
* B a s e  f i q u r e  o f  v a l u e . N o t e  : R a n q o n a r e  a l s o  a s s i q n e d t o  v a l u e s  in s i i h s e q u e n t y e a r s  in t h e  same m anner  .
** R a n g e  o f  v a l u e s  s t a r t  f ro m  Y e a r  2 s i n c e  t h e r e  i s  n o  h a r v e s t i n g  i n  Y e a r  1.
*** R an g e  o f  v a l u e s  s t a r t  t r o m  Y e a r  2 when  h a r v e s t i n g  i s  s t a r t e d .
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APPENDIX D.2
FLOW CHART FOR PROBABILITY ANALYSIS 
(MONTE CARLO SIMULATION)
P s eu d o -ra n d o m  
Numbers 
S u b - R o u t i no
R O I, NPV, IRR 
S u b - R o u t in e
C urve  Sm ooth ing  
R o u t in e
H is to g ra m  
R o u t in e
INPUT DATA
4 <
C a l c u l a t e  ROI, NPV, IRR
1
B u i ld  Up O u tp u t  A r r a y s
rd
CD
d)
I-I
u
o
_______ I_________
P r i n t  H i s to g r a m s
___________1___________
C a l c u l a t e  M eans, 
S t a n d a r d  D e v i a t i o n s  
an d  V a r i a n c e
S
im
u
la
ti
o
n
 
L
oo
p
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APPENDIX D . 3
(a )  THE MONTE CARLO SIMULATION PROGRAM
100
C
C
2 0 0
^ A ^ v R c o a u U ^ m o s T n e n , y i e l d  c m ;  . c k r t c u d  , frma
,ÜEHfi »yjMliSiftlJStiäS SJIMifübJt
INTEGER' NUMSIM 
LOGICAL
- , U ars, i , j
PRI
PRI a .TRUE.
CALL GETPAR[NUMSIM,YEARS,PRI )
00 200 I » 1 , NUMSIM
NRROF » 0 , 0
NPV s 0 , 0
TOTINV * 0 , 0
F R M A I fl ( 1 0 ) 
“  ) , SD (
I fiv
i  V  J »
e i n
, NPROF
1 0 H J =
CALL G F . m
1 , YEARS
" ■ ■ | -< j / v r c ^ s T C J ) , T R C O S T C J ) , Y I E L D U ) , C F R T C J ) { 
Fr Ma I N C J ) , F L « T ( J ) , H A R V C J ) , W A G E S ( J ) , F L I N D C J ) ,
ECOSTCJ) , P L A N T G C J ) ) 
TEMPCIJ * VRCOSTCJ 
I p f p i  « TRC03TCJTEM
TEMP
ÜÜEI
TEMPCa)
W  l!
Y i F L n c ^  
CFRT (J 
FRMAINCJ)
F E R T M )
h a r v  ( J )  
WAGESCJ)
TEMPC10)*  ECOSTCJ)
CALL F L o [ ] [ i E M * . c K AO W ^ n }  , NPV, PM INC,  J ,  NPROF, TOTINV)
XFte B E I - P B i Ä T ? ? , j } T i B ? ,
c o n t i n u e
m ^ SBHsiüSÜB»!NPV,PRI )ALCIR C I R R , YEARS.PMINC)Al CRO CNPPOF,TOTlNViROI )CONTINUE 
ENDFILE 33 
STOP 
ENP
a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
SUBROUTINE GE TP AR(NUMSIM,YEARS,P R I )
INTEGER NUMSIM,YEARS 
LOGICAL PRI
FORM A T C# HOW MANY DIFFERENT SIMULATIONS OF THE SAME COND 
11 T IONS ? * , S )
ACCEPT 20 , NUMSIM 
FORMAT CG)
IF ( MUM5 1M, GE, 1 , AND, NUMSIM LT • 101)  GO TO 50
05
10
6 ? ' , $ )
T ^ P E
FORMA
NUMSIM
DO YOU REALLY WANT ' , 1 1 0 , SIMULATIONS
40
50 CONTINUE 
TYPE 60
ACCEPT 40 # ANSWER 
FORMAT ( A l )
IF  (ANSWER.NE, #Y#) GO TQ 05
60
80
90
100
110
88
FORMAT( '  MOW MANY YEARS 
1UN FOR ? 9 ,%)
ACCEPT P0 , YEARS
I F  C Y E A R S , 5 F  . 1 ,  A N D .  Y F A R S . L E .  1 0 0 0 )
on YOU WANT EACH SIMULATION TO R
IN FOR
r  * Ä ^ A? ü?ears
FORMAT t *  DO YOU
00 TO 90
REALLY WANT THF SIMULATION to ru
M 1 0 | # Y F A RS  ? # , S )
A C C E P T  4 0  » ANSWER 
I F  ( A N S W E R , N F . # Y # ) 0 0  TQ 5 0
^ONjf lNUE
FORM A P L E A S E  T Y P E  A NUMB E R  TO S T A R T  THE RANDOM NUMBER 
E N E R A T O R  * , $ )
A C C E P T  P 0  , d u m m y  
C A L L  S E T R A N ( D U M H y )
DO YOU WANT the  DETAILS PRINTED? ' , S )
A C C E P T  4 0  , ANSWER  
I F  ( A N S W E R . F Q .  ' n M  P R I  a . F A L S E .
W R I T E ( 3 3 , 2 0 )  DUMMY 
I F ( , N O T , PR I ) R E T U R N  
P R I N T  8 6  , DUMMY
F O ^ M ^ T ( / / / / c 0 X ,  0 S T A R T I N G  V A L UE * ' , 0 )
end
* * * * * * * * * * * * * * * * * * i r * * * * * * * * ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S U B R O U T I N E  g e  T V a l  ( Y E A R , V R C O S T . T R C Q S T .  Y I E L D , C F R T , F R M A  I N f
ST (51 , 
VFLIND (51 ,
REAL VFMAF C5^ j v f t A ^ v U ) ^ V ^ A f J ^ y ? V v S c S T  t S ^ V T p J
V Y I F L D C 5 ) , V C F R T f f e K M U L T G ( 6 ) , MULTY( 6 1 , I
REAL^S coJ t , U c O ^ ^ Y l i C D .  FFPT.FRMA IN, FFRT,HARV, wages , 
v a l u e , nuMnY,HAS.E,LOwEn, upper
R Gvc,  GTRCiGY,RCFRT,GFRII,GFERT, CHAR V, GW AGE, YEARINTEGE
OAT*GV F f i A F / . ^ P ' . ? 7 ^ 0 C i ,  , IRGPif l .  , 1 2500 . , 1 R50 0 . /  ,
y v B K g ? M  1 6 9 9 f t ' . ? 2 0 § 8 4 & w a § 9 $ i § j  ? f l t < | R 0 ,  . 2 1 2 8 9 0 . /
' v : m i f 8J 3 s ' | S l S 2 : ' J Ar " ‘ i 4 a , - ' tB * 4 , , /
V Y I E L D / 0 .  . 4 * 1 ? 0 0 0 . /  ,
Y C E R T / . I ö , , 2 , , 2 2 , . 2 4 , , 2 6 , , 2 6 /
DATA MULTG . 3 0 ,  , 4 0 / ,
m u l t y / - . 3 ! - . 2 8  s . i 6 , 0 .  . 1 0 J . 2 0 /
DATA VFLIND > 7 5 0 0 . »1 5 0 0 0 . . 3 * 2 5 0 0 0 . /  ,
VPLANT / P * 9 0 0 0 0 ,  , l c D 0 0 0 t . c?*O,0 /
v^ cost / I l R a 2 0 0 w J9600Ü;J iS . iä /
FARM MAINTENANCE
CALL GENDIS(GFRM, 1)
CALL
CALL
DI ST (MULTG VFMAF (YEAR) .LOW 
SELECT (LÖWE»,UPPER,FRMa IN)
LOWER,UPPEP,GFRM)
* * *  f e r t i l i z e r s
AIUE « RAN (DUMMY)
F (VALUE,EOf 0 , 0 )  GFFRT 
F VALUF.QT.0  . A ND .V AL1 ?.
a 3 
s 4
J E ( L ,JE * G>  . 0 , . A N D . V A L U E , L E , , 6 )  GFERT  > 
I F f V A C u E t G T , . 1 . A M D . V A L U E . L F I . f a 5 )  GFERT
I F C V A L U E . G T , , 6 5 , A N D . V A L U E . L E . , 8 )  GFERT 
C A L L * 0 1 I t  ( M Ö L ? G , v f MAF ( Y E A R ) , L O W E R , U P P E R , G F E R T )  
CA L L  S E L E C T ( L O W E R , U P P E R , F E R T )
* * *  HARVESTING
C A L L  G E N O I S f G H A R V . n
C A L L  n i S T C M Ü L T G . V H A R V C Y E A R ) , L O W E R , U P P E R , G H A R V )  
c a l l  s e l e c t ( l o w e r , U P P E R , H A R V )
* * *  S A L A R I E S  AND WAGES
VALUE s RAN(DUMMY) 
I F C V A L U E . E Q . 0 . )  gwage = 1 
IF (VALUE.GT f 0 AND. VALUE. LE.  , 1
IFIF y A L U E ; G i ; . | : A N g . y A L U E . L E ; . 3IF i V A L u ! I G T I  I b j * G w I g E U » U 3V A L U E . L E , .6
GWAGE a 
GWAGE e 
GWAGE m
C
n
o
n
 
r>
 
o
o
o
C
c
c
Eitt M2Ji?^ SSfcSÜÖ^ K?«ifck?"ER'UPPtR'B'"GEJ
* * *  RUNNING HOSTS OF VEHICLES
, UPPER,G' vo
* * *  COST OF PUNNING A TRACTOR
CALL GEN0ISCGTRC/21
y i e l d
VALUF o RAN(pUMMY)
►1
» l
vtbul:BT::8 5fNg? ^ ^ E * L E * * ^ 5  RY
s 2 
* 3
S 4
* * *  COST OF FRUIT
VAI.UE
A
- RAN (DUMMY)
I P f V L U F . L F , 15)  GCFRT « 1 
IF  fVALUE.GT,  , 15 ,  AND,VALUE#L E . , 5 5 )  
IF (VALUE.GT,  #5*5,ANnf v a u j E . L E .  , * 5 )  
IF VALUF.GT.  Q 5 ; a NDjiVALUF1 LF .  95 
I r  CVA .UE *GT 1*955 Gef  RT => $
GCFRT
GCFRT
GCFRT
CALL SELFCT(VcFRT (GCFRT) , VCF RT( GCF RT * 1 ) #CFRT)  
f lower  i n d u c t i o n
VALUE » RAN (DUMMY)
I F ( V A L U E . L E , . 0 5 )  GFL
. VALUE. GT,  
IF (VALUE. GT,  
I F(VALUE*GT  
I F[ VALUE.
I
i
0 5 , AND,VALUE,L 
4 5 .  AND, VALUE. I. . 45 }. 75
7 5 ; aND , V A L U E , L E . . 9 5 )  
95 J GFL 3 5
GFL
GFL
GFL
:v a l u e : g t :
EStt §ELsEKaS6tS:bfSESIEKW"-E" 'UErF" 'c a l
COST OF e s t a b l i s h m e n t
iM 5uv.ir.TS ih . ,
IF ( V A L U E . G T , , 1 , AMD,VALUE
IF ?4t«I:gTT::hKB:?itHF
IF (VALUE.GT# , 9 ? )  GEC « 5 '  ”
CALL DIST CMULTG,VCCOST(YEAR),LOWER, UPPER,GEC) 
CALL SELECT(LOWER,UPPER,Er0ST)
PLANTING m a t e r i a l s  cost
GEC 
GEC 
F.C
V
I
IF
ALUE = RAN(DUMMY)
F J V A L U E . L E . , 0 5 )  GPL 
F ( V A L U E . G T , , 0 5 , AND.
I f f i i t a H t
3 1
, _ VALUE. LE.  . 551 GPL
M 8:M :tI::S §) §Pt
955 GPL 3 5IF [VALUE.GT
CALL 0 I ST ( MULTG, VPL ant  (YEAR)»LOWER,UPPER,GPL)
Ca l l  SELECT (LOWER, u p p e r , p i . a n t G)
C
r e t u r n
end
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
s u b r o u t i n e  G e N D i S ( G R O U P , 01 ST)
o l n  i B U i ^ g  /;/G O T S T S / P * ’ !?t V A L U F  3 R A N C o Q m A v J I F f O I - S T . N g . f i  rf 0 i t 0 20
10
20
1 ’F^ ^ i t ^ i 5 ? } r i ^ A p AcDiVALU£
.LE.
1
C O N T I N U E  r e t u r n
c o n t i n u e
° J ^  1 T F H A L U E . G E . G D l S T ? ( n , A N n . V A l U E tl E . G D I S T 2C l M n
G R O U P  « IC O N T I N U E  R E T U R N
* * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S U B R O U T I N E  S E L E C T ( L O W E I
5i£litLS"55^ll':>MR E T U R N  E N O*****************************************************************S U B R O U T I N E  P L O W (V A R S ,C F L O W ,R O I ,N P V ,8 M I N C , YE A R ,N P R O F ,
; L p W E p , U P P E R , V A L U E )  
) / 2 ,
1 ,O T I N V JR E A L  V A R S ( 1 1 ) , C F L Q W . S V A L . R O I , U P V , I R R , N P R O F , B E N F I T ,
TOOL
« f» O l U  ; j L r U ) 11 » ^  » u l I ru I i I H r v » A n n , im r rc u r f utur i. C O S T S , O C R A T E ( i « ) . L n F L p W , L O R A T E t i a j , T 0 T T N V ,  L S  (5) ,S O C S F C  (5) . « E N T  (S) , P O S T  C5) . R H M N T  (5 5 ,u u l o u j ( O U L O L U  »''l 11 I u ; r  uui inn«iDEPRECtSJ,JNTRSTCS),AGRGE(5),BMjNC tlB)_LC0ST(5),MACHV (5),BUILDC5),OFFICEf5),INV,YNPROF
.909, .826, ,751 , ,683, ,621 , .56«, .513, ,«67, .<12«,
.$52. I $3?! ilia' ill $] *784* 7 as, ,7 1 l , „ 67 7 , .6 45
REAL I N T E G E R  Y DA TA  O CPA AR E /
L O R A T E /
. ......D E P R E C / 5 * 5 0 6 7 ^ ,  / I I N T R S T / 5 * 6 o u 50,/,  A C R G E / 0 , 0 , 150. ,
A L C O S T / I S z l o P , , $ * 0 , 0 /  , T O O L S  / 1 6 0 0 0 . , a * 0 ,0 /M A C H Y  / 1 3 6 0 0 0 . ,  4 *0 .0  / ,R U I L 0 / 3 5 0 0 0 , , 4 * 0 , 0 /  , O F F I C F / 5 6 0 0 . , 4 * 0 , 0 /
D A T A  S O C S E C  R E N T / 5 * 2
* * *  C A L C U L A T E  C O S T S  A N D  B E N E F I T S
E o S ^ J T » aV A R S C l ^ + * V A R S p { Y + A v l R S r 5 ? R + CV A R S ( 6 1  ♦ V A R S  (8) V A R S ( 7 )  ♦ T O O L S ( Y E A R )  + S O C S E C  ( YE A R ) +V    f 7 f  P E N T ( Y F a P) + P O S T ( Y E A R )  + D O P P E L  ( Y E A R )  ♦ I N T R S T f Y E A R  ST ( Y E A R )  ♦ V A R S C R )  + V A R S CL C O C  w ,♦ B U I L D ( Y E a R) ♦ O F F I C E
* * *  N E T T  P R O F I T  A N D  C A * H  F L O W
Y N P R O F  s B E N F I T  - C O S T S  C F L O W  s D E P R E C ( Y E A R )  ♦ Y N P R O F  D C F L O W  s C F L O W  * O C R  A TE ( YF. A R )U J V L O W C O S T S L O W  * L O R A T E  ( Y E A R )
* * * N P V
N P V  s N P V  + D C F L O W
* * * R ü I
10) (YEAR)
P M A I N T ( Y E A R )
♦ V A R S C i n + M A C H Y  (YEAR
]( D F P R E C  (Yf?AR) ♦ I N T R S T  ( Y E A » ) )
N P R O F  a N TOT T N V = P R O F  * Y N P R O F  INV * TOT INV
* * * I R P
0 M I N C  (YEAR)N * C F L O WR E T U R N
e n d*****************************************************************
1(>()
SUBROUTI NE P R I N T  ( N U M 5 1 M , y e a r f VAR)  
I M P L I C I T  REAL CA-ZD
i n t e g e r  n u m s i m , y e a r , i  
r e a l  var c 115
I F  ( Y F A R . N F ,
C
10
I
n GO TO 30
F I R S T  YFAR OF S I M U L A T I O N  ONLY
TNT 10 t NUTTS IM 
i RMATC"  ' '
PR 
F 01
PR I N T  20 
FORMAT( '
kJ .  H  I Q I I "
' 1 * / / 5 5 X .  17 r  * ' ) / 5 5 X ,  1 5 X . ' *  V 5 5 X .
* SI MULATI ON ' , 1 2 , 3 * ' / 5 5 X , % ' , 1 5 X , * * ' /
5 5 X , 17 ( ' * ' ) / / / / / )
Y E A R '  , 5 * i  # V C O $ T ' , <5X, ' T R C 0 S T ' , 5 X , ' Y I F L D * , 5 X .
c o s t  6 f f r u i t * . s x , ' f a r m  m . ! i S X i f e r t i l i z e r * . 5 x .
V E S T ' . 3 X ,  ' WAGF$ ' , Sx ,  ' F L I N 0 ' , 5 X  ' EST aB . * , 1 X ,  ^PLANTING2 ' HARVEST , , r ^ u .  o
3 / 1 X , 1 3 0 C ' - * ) / / )
* * *  ALL YEARS OF S I M U L A T I O N
0
40 4 X , 5 ( 2 X , F 9 . 2 ) , F 9 . 0 )
RETURN 
END★ f r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *A * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *A * * * * * * * * * * * * * * *
SUBROUTI NE 0 I  S T [ M U L T , B A S E , L O W E R , u p p e r . b r o u p j  
J L  Aj. M L ) L T ( 6 ) 1 BASF , L OWE R , U P P E R
8
i n t e g e rLOWER e
Up p e r  «
GROUP
BASE
BASE
MULT ( GROUP)  * BASE 
MULT ( PPOUP+ 1 )  *  BASE
RETURN 
ENO★  l l r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^
s u b r o u t i n e  e p r i n t ( y e a r s , r o i , i r r , n p v , p r i )
- ® I t i f e i NPVI
I  NO
I F f I R R . E 0 . 5 4 . )
J F c f u n f ^pf t i ?* Go
I  NO a '  + •
J» *  m *
2 0
20
C SAVE VA
p r i n t  i o  , R o i » f t P V . x « f i » i N n  
F o r m a t  ( / / / P o x , ' r o i  ■ ' , g , '  tip v * ' , g , *  i r r  « ' , g , a i / / / )
“bö?iBueFAL8E
fbVfltK.i5?ifiR?5Kv
F 0 R M A T ( 3 ( 2  X r G j j
& ROI  
I R0 I
RETURN
endA * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
SUBROUTI NE CALC I R ( I R R , YEARS, BM I NC)
I M P L I C I T  RFAL C A - z J
r e a l  ÖMTNC ( 1 0 )  , T RR. RAT F 1  . PATF , 2 |  VAL1 | V A L 2  
REAL A B S D I F . N P V R l . D I F F f f t A T E S t S ) , V A L S ( 5 ) f S R A T E f SVAL 
I NTEGER Y E A R S , LOOP , I
c
10
c
17
c
c
LOOP a 0 
RATE 1 «* 2 6 ,
CONTI NUE
r a t e ? « r a t e i
V A L 1 C T R P S U M f P M I N C . R A T E I , YFARS)
V ALc  = I R R S U MC R MI N C J R A T e J , Y E A R S )
I F  ( V A L 2 * V A L l . L E ,  0 , 0  ) GO TO 60
I F  ( V A L 1 . L T . 0 . 0 )  GO TO 20 
I F  ( V A H  . G T . 0 . 0 )  GO TO 30
* * *  BOTH +VE
20 CONTI NUE 
RAT£?  a R A T L i
R A T
GO TO
I  RAT 
17
2 - 4
167
c
£ * * * BOTH -VCL
30
r
CONTINUE 
RATr i  n RATE? 
RATE? = PATE? + A 
GO TO 17
^ * * * SIGNS OPPOSITE
60 CONTINUE
L
I F ( v * L l ' S 6 « 0 s 0 i A ? g t TO 65
65
68r*
r e t u r n
I F C V a l 2 . n F , O , 0 )  GO TO 68 
IRR = PATE2 
RETURN
CONTINUE
L
c * * * f i n d  r a t e  c l o s e s t  TO ZERO
C
99
r
RATESCi )  = RATE1 
PATES i 2 j n RATE 1 + 1,
RATES( 3 )  x RATEi  + 2 .
RATES (4 j c RATE 1 3,
PATESC5)  a RATE1 + 4.
I F ( Ra T E S( 5 ) . ME . RAT E? )  TYPE 99 
f o r m a t ( *  So m e t h i n g  wrung w i t h  r a t e s ' )
L
VALSCl )  ■ ADS C V A L 1)
VALS ( 2 )  n APS( IRRSUM(DM I N C , RATES ( 2 ) , YEARS) )
V AL S ( 3 ) > ABSCIRRRUMCPM-TNC,RATESC3),YEARS) j 
VALS( 4 )  « ABSCIRRSUM(RM1NC,RATESC4) , YEARS))
V AL 3 ( 5 )  « ADSCVAL2)
SRATE ■ 0 ,
SVAL a 9Q99Q9999R,
00 80 I ■ 1 , 5
IFCVALS ( I ) . G E , S V A U  GO TO 80
CONTINUE 
IRR ■ SRATE
SVAL a 
SRATF »
VAIS ( I )  
RATES Cl )
RETURN
end****************************************************************
REAL FUNCTION I RRSUM(BMI NC, RRATE, YEARS)
u iETBÄ?N«iSj nüEt5M2i
INTEGER YEARS , I  # J , RATE
02
C
Sa
cc
08
y e a r s
LOGICAL FI RST  
d a t a  FI RST / . T R U E , /
04IF C - NOT, FI RST)  GO TO , , ,
R^A 0 ( 2 2 ^ 0 2 ,  ENß«65«) C (TABLE C l , J ) , J = 1 , 12 )  ,1 = 1 , 50 )
CONTINUE
R A T E  3 I F I X ^ R R A T E )
IRRSUM = M.O
I F CR AT E . G t , 50)  TYPE 08 , RATE 
rORMATf *  * * *  RATE > 50 * * *  # ,G)  
I F (RATE,  L F , 0  .OPERATE t GTt 50)  RF-T
F   ( TF)
0 0
URN
TABLE (RATE,  I )
DO 10 I n { . * E A * S
IRRSUM = B MI N C ( I )  *  ♦ IRRSIJM
10 CONTINUE
RETURN 
End*****************************************************************
SUBROUTINE CALCRn( NPROF, TOTl NV, ROI )
REAL Rgi .TOTlRV.MPROF 
RQI * (NPROF /  T0 T I N V ) * 100 ,
E T URNR 
END**********************************************************************************************************************************
03
C
C
10
I NTEGER COUNT C5 5 5 # NUM, I , CUME, N 
WEAL VAL UE, PROP
REAL T O T A L , S Q T Q T # M E A N , V A P , S D , START 
DATA N A M E / ^ I P R V
TOTAL s 0 , 0
*  0 . 0
HJs4”8818'FORMA
DO 05 I
CONTI NUE 
CUME * 0 
N a 0
CONTI NUE 
n s n ♦ i
s t a r t
e
CO
NUM
2 , ENP a 15 }  VALUE 
. 5 )
£ * * * 
C
c
15
20
30
C
Cc
I F I X ( V A L U E
sCOUNT( NUM)  = COUNT( NUM)
ACCUMULATE f o r  S T A T I S T I C S
t o t a l  * TOTAL ♦ VALUE  
SQTOT b SOTOT
+ 2 
♦ 1
GO TO 10
CONTI NUE 
00  30 I  a 1 , 5 5  
J « I  -
♦ ( v a l u e  *  v a l u e d
CUME b C O U N T f l )  + CUME 
PROP a F l O A T ( C U M E )  /  F L O A T ( N )  
W R I T E ( 4 4 , 2 0 )  J , C O U N T ( i T . C U M E , P R O P  
FORMAT Cl  OX,  1 3 , 5  X , 2 G ,  5 X,CO
* * *
★  * *
c o n t i n u e
CALCULATE ME ATI
MEAN = TOTAL /  F L O A T ( ND
c a l c u l a t e  so ♦ v a r i a n c e
VAR
SD
= (SOTOT -  ( ( MEAM* MEAf O 
5QRTCV ‘s s q r t ( v a r )
PR I N T  SUMMARY
/  FLOAT ( N ) D ) /  FLOAT( ND
40 P888I,"(St*.2 0 X , ' THERE WERE , 1 7 , # SI M U L A T 
M / ALUE « * , G / / /
2 0 X , v MEAN 
VARI ANCE ®
STOP
ENO
a
CO
I O N S ,  THE S T A R T I N G '  
'  I G , '  STANDARD D E V I A T I O N  S ' , G ,
INT^ r,ERL^£*?i^DOWNl XCHfes^ Ycnnl1 l0J'CLJMpR c 1 lp)
DATA U P , D O W N / 3 , a /
N = 1
F T L E N = - 1 .
FTSPCX a , 3 2  
FTSPCY = 1 , 0  
XROS = 0 ,
YPOS = 0 . 0  
I F NT H a 3
Will:
I FNSD =
I F N T F  a 
YCHRS =
XCHRS =
XAXLEN 
YAXLEM 
THETAY :
: i
22
5 ,
1^ ,R0 ,
0 .THETAX 
ORGY =
0 R G X a -  S 2 1 0 0 0 , 
DVY a I P ,Dyx s 1 4 0 0 0 ,
no
n
16<)
FMAX«-999 . 0
10 READ( t t ,5 . 4 ^ , E N D » 9 9 )  VAUCM) , FPEQ(M)  fCUMFRQCND ,CIJMPR(m )
40 f o r m a t  ( u r oi f c  r r erj cn ) . g t . f m a x  ) F f i AX. FRr . ncN)
N s N ♦ 1 
GO TO 10 
C
99 CONTINUE
* * *  c u m u l a t i v e  p r o b a b i l i t y
FEN 3 - 3
N a N - l
PLOTSCn
FACTORC 1 0 . 0 , 1 0 , 0  )
CALL
Ü i t t SFTAXS ( ? )
C A L L ^ r ^ O T ( 4 , 0 , - 1 7 . 0 , PEN)
FV A 
00 ^0
* FT3PCX /  OVX)
20
c
( V A L c n  
I = 1 , N
Y s CUM PR CI )  * YAXLF.N 
X * VALCI )  * FTS'PCX /  OVX -  F V A L 
CALL PLOTCX, Y, PFN)
Pfc-N a POWN
CONTINUE
CALL a XSPRMCFTLEN.FTSPCY,1 . FDS I 1 . FCS I Z , I FNSD, I F N T F , 0 )
CALL AXlSCXPOS,Yp OS, 'CUMULATIVE PRORA B I L  I T Y * , Y CUR S ,
„  Ya XLFN.THETaV.ORGY.QVY)
c a l l  A^SPRMCFtLEN.FtSPCX» I F NTH, TOS 11 ,FCS I  Z , IFNSO, I F N T F , 0 )  
CALL AXISCXPOS,YPOS.  'NPV VALUE C$) t XCHRS,XAXLENf 
THETAX,ORGXrOVX)
* * *  FREQUENCY
r
PEN « - 3
CALL PLOT( 0 , 0 , - 2 ? , 5 , PEN) 
p EN a UP
FVAL n ( V A L ( l )  * FTSPCX /  n v x )
DP 30 I  .  1,N
V a CFREOCI) /  F'MAX) * YAXLEN 
X = VALCI )  * FTSPCX /  PVX -  FVAL
CONTINUE
S i t t  * « | ? J s ? | g i | 'g | l * 8 S 5 ' iE { ! ä e - Fc S J lJ s E S ä if t lE £ ; iS : * F,‘ , ' ' ' OJ
end 9 ’ 9
C
03
C
05
f a
12
c
INTEGER COUNT C1 0 9 ) , N U M , I , CUME, N
DATA NAMF/ M pv V
PEAL VALUE,PROB.RANGE( 2 , 1 0 9 )
REAL T OT A L , S O T OT , M E A N, V a R, SO,START
TOTAL * 0 . 0  
SQTÜT 3 0 , 0  
READ ( 3 3 . 0 3 )  START 
FORMAT CG)
RANGF 
RANGE 
00 05 i } : »
CONTINUE 
CUME 8 0  
N s 0
CO UN
I F  Cl . 
r a n g ? 
RANGE
# * ? ! >
E Q . n GO TO 05
( i , n 3 RANGFr
I = RANGE
♦ 1 3 9 9 9 . 9 9 9
-  1 ) + 
) +
1 4 0 0 0 ,
1 3 9 9 9 . 9 9 9
CONTINUE
for ma??£c- ? ' END* 15) 011,1,1 y ' v a l u f
N a N -f 1
170
* * *  ACCUMULATE EOR STATISTICS
14 
990
c
15
TOTAL a TOTAL 4 VALUE
S Q T O T  = S U T D T  4 ( V A L U E  *  V A L U E )
DO 14 I * 1 , 1 0 9
i f ( v a l u e . l t . r a n g e ( i , n . o r , v a l u e , g t , r a n g e ( 2 , i n
on To 14
C O U N T ( T )  *  C O U N T ( I )  + 1 
GO TO m
CONTINUE
TYPE 999 , VALUE
FORMAT f '  VALUE NOT IN RANGE '  ,G)
GO TO 10
QNTINUE
• 5 30 I 3 1 , 1 0 0
J s - 5 4 2 0 0 0  
COME =
20
30
( 1 * 1407 01  
COUNT m  4 CLJME 
PROG 3 FLOATCCUME; /  FLOAT r N) 
WR]TE( 4 5 , 2 0 )  J ,COUNTClT .CUME, 
F O R M A T ( 1 0 X , I F , 5 x , 2 G , 5 X , G )
7 0 0 0 .
c u ^ e J p r o b
CONTINUE
* * *  CALCULATE MEAN
MEAN a TOTAL /  FLOAT(Ml
* * *  CALCULATE SO + VARIANCE
VAR a (SQTOT -  ( (MEAN*MEAN) /  F L O A T ( N ) ) ) /  FLOATCN) 
SO c SQRTCVAR)
C
40
* * *  PRINT SUMMARY
0 t NAME,N,START,MEAN,SD,VAP
U ^ R p  1 , i n  ^ S I M U L A T I O N S ,
PRINT 4
F O R M A T C '
20 X
VALUE = # , G / / /
2 0 X , 'MEAN =
VARIANCE « '  , G)
STOP
END
i n t e g e r  c o u n t ( 9 0 1 , n u m , i , c u m e #n 
d a t a  I U M F / ' R O I * /
r e a l  v a l u e , pror „  „
R E A L  T O T A L # S O T O T » M E A N r V A R # S O , S T A R T
THE STARTING' ,  
' , G, '  STANDARD DEVIATION b ' , G ,
03
C
c
10
TOTAL 
SQTOT 
Rea  n 
form A
0 , 0  
0 . 0
( H i * 3’
s t a r t
00 05 I
c o n t i n u e '
C U M F 3
c
CO
f E N ( 1 * l S )  D U M M Y , n a , V A L U E
CONTINUE
fB6 R IT ( i i f
N s N ♦ J
NUM = IFIXCVALUE 4 , 5 )  4 30 
COUNT(NUM) 3 COUNT (NUM) 4 1
C * * * ACCUMULATE FOR S T A T I S T I C *5
i%Vo\ ■ i° iavo? v+aw e*lue
GO TO 10
* VALUE)
CONTINUE 
DO 30 I  * 
J
1 , 9 0
3 I -  31
CONTINUE
M ! ;  f E W ( i W i cr F L 0 . i< m
s5lS'Jntä:i*5;is:«:tsuSE’PRQB
171
C * * *  CALCULATE MEAN
MEAN « TOTAL /  FLOAT (N)
Cc * * *  c a l c u l a t e  sd + v a r i a n c e
V A R  *  C S Q T Q T  -  C ( M E A N * M E A N )  /  F L O A T  ( N ) ) )  /  F L O A T  C N )  
S O  « S Q R T ( V a R )
£ * * *  PRINT SUMMARY
C
40
C
C
10
4 0
PRINT 40 , Na m e , N , ST ART , MEAN, sn, VAR
VALUE «'  ' ,  G /  /  /
^ X . ' M E A N  a
VARIANCE * # ,G)
TOP
NO
SI MULATIONS,  THE STARTING 
# , G , # STANDARD DEVI ATI ON » # ,G,
DATA U P , D O W N / 3 , 5 /
h " 1 t
B .  h  
= 1 . 0
N a
FTLE 
FTSPCX 
FTSPCY 
XPOS 3 _ r _ 
Y POS a 0 . 0  
IFNTH 
F D S I 7 
FCSI Z 
IFNSD 
IFNTF
- P . S  * FTSPCX
3
-1
iYCHNS s 22 
XCHRS a - 9  
X A X LEN
y a x l e n  
t h e t a y  
Th e t AX
Y = 
% _'X 3 0 V Y =
D V X .
* ?§a = 10,
= 9 Cl.
a 0 .
ej"P ,
0 .I!
FMAX* «999 . 0
READ( 4 4 . 4 Ä , END«9 9 ) VA L ( N ) , F REO( N) f CUMFPQ(N) f CUMPR(N)
i P ^ F f ^ U ^ O  . GT.FMAX ) FMAXs FREQCN)
N 3 N ♦ 1
GO TO 10
C
99
C
C
c
CONTINUE
* * *  cumulative probabi l i ty
PEN * - 3  
N = N« 1
CALL PLOTSCn 
call facturc
CALL SETAXSC?)
FACTURC 1 0 . 0 , 1 0 , 0  )
CALL PLOT C4 , 0 , - 1 7 . 0 , PEN) 
PEN s UP
|:
c
20
C
c 
/ +*
DO 20 I a 1 ,N
Y = CIJMPP( I )  * YAXLEN 
X * VALCI )  * FTSPCX 
CALL PLOTCXf Y,PEN)
PEN = DOWN
CONTINUE
CALL AXSPRM f FTLEN. FTSPCY.  1 , F OSI Z , FCS12 , I FNSD, I F N T F , 0 )
CALL a XI S ( XPOS, YP0 S, ' CUMULATI VE PROB Aö I L I T Y  '  , YCHR 5 ,
TFf jTM. FCSI Z .  FCSI Z,  I FNSD, I FNTF,  0 3 
VALUE* , XCHRS,XAXLFN,
* * *  FREQUENCY
CALI  A x i s C x p n s . y P O S , « i p r
THETaX,0RGX.0VX5
n
n
n
n
n
 
r>
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n
n
D
n
 n
n
172
,0
PEN s - 3
CALL P L n T ( 0 , 3 r - 2 ? f 5 r PF.M)
PEN s UP
00 30 I = i , N
Y ° CFPEOCn /  FMAX) * YAXLEN 
X s VAL CD * FTSPCX
SEbL , ' k 8 M > ' , ' P t “ ’
CONTINUE
CALL AXSPRM(FTLEN#FTSPCY. 1 . F O S I Z . F C S I Z . I F N S D , I F N T F , 0)
CALL AXIS CXPOS, YPftS. 'FRF.QNFNC Y * , k , Y AXLEN, THE! AY ,
1 ORGY» 0 V Y1
CALL AXSPRMCFTL feN.FTSPCX» IFNTH. FPSIZ .FCSI Z# I FNSO, IFNTF, 0)
c a l l  a x i s ( x p o s , y p 6 s , v i r r  ö a l u e S x c h r S j Xa x l e n ,
1 t h £ t a x , o r g x , d v x )
end
SUBROUTINE AX5 PRM ( F T L F N , F T $ P C , I F N T H , F D $ I Z , PCS I Z , IFNSD,
1 IFNTF,TLFACT )
I N l T I A Vicv ™ c ?G PARAS:-2TErR, T AREt
TICK SPACING 1 , 0  CM
D I GI T  SIZE 0 , 2  CM
CHAR 5 IZF 0 , 2  CM
LABEL EVERY 2ND t i c k
AFTER DECIMAL 2 DIGITS
* d i f f e r e n t  l e n g t h s  * 0
?B I  S IS  T i p  i l f c B, & l « N0RE0-
I F NT H................... NFW VALUE FOP NTH, SEE COMMENTS AT START OF SUB,
ONLY Gs ED IF > OR a 0 ELSE IGNORED,
USE 0 IF  NO TICK LABELS ARF. REQUIRED.
F D S i z ................... new S u e  tor  d i g i t s  used  i n  t i c k  l a b e l s  i f  > 0 , 0
,  f l s c  i g n o r f o ,
F C S I Z ................ .. NEW SIZE FÖR CHARACTERS USED IN AXIS LABEL IF > 0 , 0
I F N S D ....................  NEW V aLOF FOR MSD I F  I TS  ABSOLUTE VALUE I S  < 10
I F N T F ................... THE NUm b FR OF VALUES IN THE A R R A Y  TLFACT IF IT
IS > 0 .  IT  LESS THAN OR a 0 THEN TLFACT 13 NOT
T L F . c T i n . . . .  » a t  i t u M ' i S B T l S E i r a M S  SVc 6E?SS, 5 i 5 I i 8 5 '
MUST BE MULTIPLIED TO OBTAIN THE REQUIRED LENGTH.
n o t e :
............ TO ENSURE THAT THOSE PARAMETERS WHICH ARE TO REMAIN UNCHANGED
USE , SAY , - 1 . 0  FOfi ALL EXCEPT IFNSD FOR WHICH YOU SHOULD 
USE A NUMBER WITH MAGNITUDE > 9
INTEGER MOV,QRW
DIMENSION T l . F A C T U )  t CHARS Cl )
DATA MOV,DRW /  3 , 2  /
EPS IS THE MAXIMUM DIFFERENCE a l l o w e d  BETWEEN THE LAST TICK DRAWN 
AND THE FND OF THP A * l S  SPECIFIED IN THE CALL.
CURRENTLY 1 MM, ( I T ' S  NOT f i t  ALLV WORTH IT BEING AMY LESS THAN THIS)
DATA EPS /  0 . 1  /
d e f a u l t  s i z e s
DATA T I K L E N . T l K S P C , D I G S l Z , C H R S I Z / 0 , 2 , 1 , 0 , 0 , 2 , 0 . 2 /
DATA NTH,NSOf NTLF/  2 , 2 , 0  /
IF! fü fW W :8  ! ÜSSSEßF?
IFC I F N T H , GE. 0 ) NTfUIFNTH
DIGSTZsFDSI Z  
CHR5I Z«FCSI Z  
) NSDaIFNSD 
IFC I F NT F , GE . 0  } Nt LF«I FNTF  
RETURN
IFC F D S I Z , G T , 0 . 0  J 
IFC F C S I Z . G T . 0 . 0  5IFC iabscifnSdJ at
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ENTRY AXISC XPOS,YPOS,CMARSr NCHARS, AXSLF.N,THETA,ORGVALfOV ) 
ROUTINE TO PRAW AXIS Fn R USER OF PLOTTER
S 8 S i ? ! 8P CHAPSAF ? R ° A X l S I L i REL  IN A5 FORMAT 
THIS COULD ALSO BE A HOLLERITH STRING
NCHARS................  NUM0FR 0*  CHARS i f !  LABEL
IF +VF THEN TICKS and LABELS are  PLACED ON THE
a n t i - c l q c k w i s e  s i d e  or the  a x i s  l i n e ,
IF -YE THEN on THr. CLOCKWISE SIDE,
AXSLEN................  LENGTH OF AXIS IN CENT IflF. TRES t
THETA................... ANGLE OF AXIS IN DEGREES ANTICLOCKWISE FROM EAST
ORGVAL...........v a l u e  OF DATA at y p o s . Y p o s
OV................ .. INCREMENT IN DATA VALUE BETWEEN TICK MARKS.
THIS ROUTINE HAS BEEN WRITTEN TO REF1 LACE THAT IN FORLIB 
IN ORDER TO GIVE THE USER CONTROL OF VARI0U3 PARAMETERS,
THE FOLLOWING PARAMETERS ARE AVAILABLE?
t f l <b P c  • • 11 • 11 ^ A C I M G ^ B E ^ ^ ^ N T^nNSEcyTlVF.  TICKS ( I N  CMS,)
NTLF.....................  THE MAXIMUM LENGTH OF THE FOLLOWING ARRAY.
IF »0 THEN THFRr TS NO ARRAY TO BE CONSIDERED, 
T L R A C T C I ) A N  ARRAY WHICH ( IF  SUPPLIED) INSTRUCTS THE ROUTINE 
AS TO WHAT LENGTH SUCCESSIVE TICKS ARE TO RE.
THUS THE ITH TICK HILL  HAVE LENGTH i
t i k l e n  * TLFACTC M 0 D ( I , N T L F ) ^ 1  )
F#G# IF NTLF 6 4 AND T L F A C T C I ) * ( 1 • 0 , 0 . 5 , 0 . 7 5 , 0 , 5 )
and WE ALSO Have  TIKLEN > o THEN 
THE TICKS MIGHT LOOK L I K E :
DIGSIZ
CHRSIZ
N T H . , ,  
NSO. . .
SIZE OF 
SIZE OF 
EVER 
THE 
WHEN 
THE
DI GITS  USED FUR DATA VALUES
Y“ &T5H^feRTB?CLU^ 5 r0ARDi? i  vkLUELMARKED AT IT 
NUMBER of d i g i t s  AFTER the DECIMAL POINT
DRAWING the  TICK LABELS,  SEE DOCUMENTATION OF 
NIJMnFR SUBROUTINE FOR AN EXPLANATION.
I N I T I A L I S E  PARAMETERS FOR THIS CALL
E X P S I Z s ß , 5 * CHRSIZ
THE FOLLOWING ARE USED IN THE PROGRAM
C
C
C DRAW 
C
c
C
c
c
SlGNsl .O
I F ( NCHARS.LT , 0 ) S I G N * - ! , 0
X$IZE»AXSLEN*CT| |
y s i z e * a x s l e n * s th
ENDXs XPOS+XSIZF 
F N 0 Y « Y P 0 S + Y S T Z F. 
TKSPCXsf IK$PC*CTH
t k s p c y « t i k s p c * s th
the  AXIS WITH TICKS
NTI CKS« AI NT( AXSLRN/ T I KSPC+ 0, 0H1 )
TKSTXaXPOS
TKSTYc YPoS
I ^ F( SN t LF . GT, 0  ) TLFaTLFACT( l )  
I TLF b I
*
★
*
*
TKLFNXb - T I K L E N b SIGN 
t k l e n y * T IKLEN*SIGNmmm ; mw
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MOVE TO TOP OF FIRST TICK
oo i i n  i * w n t J cks
CALI  P l A t c  f KSTX.TKSTY.pRH } 
fK§TX=TKSTX+TK5PfcX 
TKSTYaTKSTYfTKSPCY
100
10
NOW
t ken5 x* t k s t x 4-t k i f n x * tlf
TKENOY«TKSTY+TKLENY*TLF
C0N T ^ h u E ^ T T^ NbX' TKEhnY'
DRW )
120
130
IF LAST TICK HAS NOT AT FND THF.M D R A W  T Q  END
IFC ARSCFNDX-TKSTX)*LE*EPS ) GOTO 130 
CALL PLOT ‘ -  -
CALL PLOT 
CONTINUE
C TKSTX, t KSf Y. PRW ) 
C e n q x , e n d y , prw )
NOW no THE TICK LABELS
e ^ a U N t ^ Z L o i l S u B S  (DV) ) + 0 . 0 0 1  5
j E U 5f S : 85; i J f 8> ) - * ™ -  ( E , f - L E - u
OvscAl *DV*SCA i f
0) ) EXPaO.O
THE FOLLOWING TS THE CLEARANCE VFCTOR OF TICK LABEL FROM 
TICK MARK AND AXIS ,
CLRNCX« -  (ADS ( N S D ) / 2 . 0 + 1 . 0 ) * D I G S I Z  
CLRNCYa C CT IKLEN+OI GSIZ ) *S I GN -  D I OSIZ+O. 5 )
C HOW MANY TICKS HAVE LABELS ?c w h i c h  i s  the  l a s t  -  f i r s t  i s  #0 
c
NVALUD« NTICKS/ NTH 
l v a l u d » n v a l u d * nth
r
LAST TICK LABEL has  FOLLOWING v a l u e
TIKVAL*ORGVa L * S c ALE + (FLOAT CLvALUDI*DVSCAL)  
FOLLOWING IS POSITION OF l a s t  l a b e l  (WE WORK BACKWARDS)
XcXPOS* 
Y * YP05 + ^FtoAT
VALUpj *TKSPCX)  + C CLRNCX*CTH-CLRNCY*STH 
VALUD)*TKSpCY)  + C CLRNCX*STH + CLRNCY*CTH
now PUT i n  the  l a b e l s
AftVhcFLÖA? HJTH$Y , D I G S I Z ' T l K V A l ' THETA,NSD 5
DO 200 1 = 1 , NVALUD
TIKVAI  » T I K V A L - ANTH*DVSEAL
x c x . a n t h * t k s p c x
200
Cc l a s t  
$00
Y=Y-ANTH*TK$PrY
CALL NUHb ERC X , Y , DI G5 IZ ,T I KVAL,THETA, NSD ) 
c o n t i n u e
of all we do the axis label
n a c n r s s i a r s c  nchars  )
ANCHRS»NACHRS
IFC (EXP,NE#O,0)  , A f  IP # CNTH.GT.0) ) ANCHRS*ANCHRS + 7,PI
FOLLOWING TS CLEARANCE VECTOR of the  LABEL
CLRNCXs CAXSLEN -  CHRSIZ*ANCHPS)* 0 . 5  
Cl r NC Y * CSIGN*(CHR$IZ + TIKLEN + D l 6s i 2 * l , 5 )
x = XPOS + CLRNCX*CTH -  CLRNCY*STH 
Y = YP0S + CLRNCX*STH + CLRNCY*CTH
C H R S I Z * 0 „ 5 )
c a l l  s y m b o l C x . y . c h r s i z , c h a r s , t h e t a , n a c h r s  )
IFC CEXP.EQ#0 , 0 )  t OR t (NTH.LF . , 0 )  ) RETURN 
NON-UNITARY s c a l i n g  FACTOR SO t e l l  the  user
X a X + CANCHRS-6.0) *CHRSIZ*CTH 
Ys Y + ( A N C H9 S -6 .0 ) *C H RS I Z * $ T H 
C AI I SYMBOLC Y . Y . CH RS IZ . 7H C* 10  ) . T H E T A . 7 )
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now move  to the  s p o t  for the  e x p o n e n t
10
40
c
99
c
20c
CLRNCX« 4 , 0 * £HP5TZ  
Cl RNCY* o
id äuKmaS* e^SpS5SV65Sf?«ET.f-i )
RETURN
END
RE At  VALCU03  .FREOCIIOD .CLJMFRQ ( 110 )  , C U M p R ( l i 0 )  
INTEGER PEN.UP,DOWN, x c h r s , y ch rs  
OATA UP,DOWN/3 ,2 /
+ CU
5*CHRSIZ 
NCX*CTH -  CLRNCY*STH
N s 1
FTLEN « - 1 .  
FT$PCX = , 3 0  
FTSPCY m 1 . 0
XPOS 
YPOS a 
IFNTH 
FDSIZ 
ECS I Z  
IFNSf) 
IFNTF 
YCHRS 
XCHRS 
XAXLEfl  
y a x l f n
t Oe T a Y 
t h e ! ax
ORGY a 
OPGX * 
D V Y c 
OVX »
8 : 8
a 5
* . 3
8 •? a -  1
t
a
a
2 J
a 1 0 l  
= 90 ,  
■ 0 a
2 j 0 .
Q.i ?
FMAX».9 9 9 - 04 . 4 0 ,R E A D (4 4 f l E N D * 9 P) V A L ( N ) , F R E Q ( N ) , C U M F R Q ( N) ,CUMPR(N)
5P?Mf Ä . G T . P M A *  )
N B N ♦ 1 
GO JO 10
FNAX = FREQ CN)
CONTINUE
c u m u l a t i v e  p r o b a b i l i t y
PEN a . 3  
N B N -  1
PLOTS cn
§5tt M § ig l0*"'10 
^ L . pb g ^ fl* 8 ' - 1 7 * 0 '
0 , 0 , 1 0 . 0  )
PEN)
DO 20 I = 1,  N
Y = CUMPR(I )  * YAXLEN 
X a VALCT) * FTSPCX -  CVALC1) 
CALL PLOTCX,Y,PEN)
PEN c DOWN
CONTINUE
* FTSPCX)
C
C * * *
c
1
CALL AXSPRMfFTLEN. FTSPCY, 1,  F D S I Z . F C S I Z  , IFNS.D, 
CALL AXISCXPOS,YPOS,  "CUMULATIVE PROBABI LI TY' ,  
YAXLFN, t h e t a y ,ORGY,DVY)
CALL AXSPRMCFTLEN.FTSPCX “
CALL AXISCXPOS,YPOS.  "ROI 
T H E T a X , 0 R 6 x , D V X )
I F N T F , 0)  
YCHRS,
', I F N T H , F D S I Z , F C S I Z ,  IFNSD,  IFNTF ,  0)  
VALUE C%) f , XCHRS,XAXLEN,
FREQUENCY
PEN a - 3
CALL PLOT ( 0 * 0 , » 2 P , 5 , PEN)
PEN a UP 
DO 30 I a 1 , N
Y = CFREQCI) /  FMAX) * YAXLEN 
X = V A L C I ) * FTSPCX -  (VALC1)  * FTSPCX) 
CALL PLOT( X , Y , PE N)
PEN a DOWN
CONTINUE
FNO
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APPENDIX D-.3 (cont.)
(b) USER DOCUMENTATION 
FOR SIMULATION ON DEC 10
(Monte Carlo Simulation for Probability Analysis)
There are seven programs involved in each simulation and 
these must be run in sequence as shown in Figure 1.
FIGURE 1
ROI NPV IRR
i 1 i
ROIPLOT NPVPLOT IRRPLOT
The programs are described separately:
(1) SIM
This program carries out the simulation: it asks a series
of questions which allow the person running it to vary the number of 
years, number of simulations, printing of details and the starting 
value for the random number generator, e.g. (computer output underlined).
NOW MANY DIFFERENT SIMULATIONS OF THE SAME CONDITIONS? 50 
HOW MANY YEARS DO YOU WANT EACH SIMULATION TO RUN FOR? 5 
PLEASE TYPE A NUMBER TO START THE RANDOM NUMBER GENERATOR 77.77 
DO YOU WANT THE DETAILS PRINTED? NO
To run this program on the DEC10 type .EXECUTE SIM
177
(2) KOI, NPV, IRR
These programs prepare the results from the simulation (SIM) 
for plotting and compile statistics [mean, standard deviation and 
variance]. The statistics are printed on the line printer; example 
of running ROI.
EXECUTE ROI
PLEASE TYPE A FIVE CHARACTER ID FOR THE PLOT 
SIM 1
This ID (identification) is written on both the plot and the statistic 
sheet to identify them.
(3) NPVPbOT, ROIPLOT, IRRPLOT
These programs produce the plots (i.e. IRRPLOT produces a 
cumulative probability curve and a frequency plot of IRR found in the 
simulation) .
To execute one of these programs, e.g. IRRPLOT, type:
EXECUTE /F10 IRRPLOT, AXIS, SYS:DAPLOT/SEA
The plot will be placed in a file IRR.PLT and can be plotted by 
typing:
PLOT IRR.PLT
or if you log off the plot(s) will all be sent to the plotter
automatically.
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EXAMPLE If you wanted a simulation of 50 and only the IRR and NPV 
plots (computer output underlined):
.EXECUTE SIM
IIOW MANY DIFFERENT SIMULATIONS OF THE SAME CONDITIONS? 50 
HOW MANY YEARS DO YOU WANT EACH SIMULATION TO RUN FOR? 5 
PLEASE TYPE A NUMBER TO START THE RANDOM NUMBER GENERATOR 65 
DO YOU WANT THE DETAILS PRINTED? YES
.EXECUTE IRR
PLEASE TYPE A FIVE CHARACTER ID FOR THE PLOT 
SMALL
.EXECUTE /F10 IRRPLOT, AXIS, SYS:DPPLOT/SEA 
.EXECUTE NPV
PLEASE TYPE A FIVE CHARACTER ID FOR THE PLOT 
S SIM
•EXECUTE /F10 NPVPLÖT, AXIS, SYS:DPPLOT/SEA
Note :
. If the same value is used to start the random number generator in 
SIM, then the simulations will be the same, i.e. the random number 
generator will always produce an identical set of random numbers 
if the same starting value is used.
. To run the maize simulation, do everything the same except that all 
program names begin with an 'M', e.g. MSIM, MIRR, MIRRPLOT.
If you reply 'YES' to the printing details question in program SIM, 
then the values of all the uncertain variables and the IRR, NPV and 
ROI values for each year of the simulation are printed. You should 
only do this for small numbers of simulations.
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EXAMPLE OF A SIMULATION LOOP
PROBABILITY VALUES 
FOR
SIGNIFICANT FACTORS
V
SELECT-AT RANDOM-SETS 
OF THESE FACTORS ACCORDING 
TO THE CHANCES THEY HAVE 
OF TURNING UP IN THE 
FUTURE
V
DETERMINE RATE OF RETURN 
FOR EACH COMBINATION
REPEAT PROCESS TO GIVE A 
CLEAR PORTRAYAL OF 
INVESTMENT RISK
4-) t— I 0)
•H > •
<J >
Range of Values
Salarie s
Fertiliser Price
Cost of Labour
Production Volume
H'- Each significant factor
will have its own distribution 
which will combine in a main 
distribution.
Rate of Return
* Expected value = highest point of curve.
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CUMULATIVE PROBABILITY DISTRIBUTIONS OE IRR (PINEAPPLE PROJECT) 
AT DIFFERENT LEVELS OF SIMULATION
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CUMULATIVE PROBABILITY DISTRIBUTIONS OF NPV (MAIZE PROJECT) 
AT DIFFERENT LEVELS OF SIMULATION
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